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ABSTRACT

Zimmerman, Christopher Lee. M.S., Department of Biological Sciences, Wright State
University, 2002. Using Ecological Land Units in a Gap Analysis for Conservation
Planning in a Southwestern Ohio Watershed.

Gap analysis is a method to identify insufficiency in biodiversity protection. In
degraded agricultural landscapes, it requires information on the past, present, and the
potential natural distribution of forest vegetation to construct a comprehensive nature
reserve network. Using Geographic Information Systems (GIS), I conducted a
biodiversity gap analysis to assess the representation of ecological land units (ELUs)
supporting forest vegetation both within and external to the current reserve network in the
Lower Twin Creek Watershed (LTCW), southwestern Ohio. I used this analysis to make
conservation planning recommendations to the local park district. ELUs are based on
relatively stable associations of soils, physiography, and potential natural vegetation. In
heavily deforested landscapes, such as the LTCW, ELUs model a more intact functioning
landscape by predicting the distribution of potential natural forest vegetation. ELUs
were classified using multivariate and cluster analyses on forest canopy tree species and
seven physiographic and soil variables derived from digital elevation models and a soil
series map in GIS. A cluster analysis of the five most significant variables (landform,
drainage, hillshade, curvature, and percent slope) influencing vegetation distribution
resulted in nine discrete ELUs. They included uplands dominated by Fagus grandifolia –
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Acer saccharum, dry slopes dominated by Quercus spp. - Carya ovata, mesic slopes
dominated by a mixed mesophytic community, and wet floodplains dominated by
Platanus occidentalis – Populus deltoides. A reference ecosystem map was constructed
using ArcView GIS Spatial Analyst with the five environmental variables identified in
the multivariate analysis. To determine the area of forest cover in each ELU within the
reserve network and the watershed as a whole, the reference ecosystem map was overlaid
with a 1990 land cover type map and the reserve boundaries. The area of forest in each
ELU in the reserve network was then compared to the area of forest in each ELU in the
watershed as a whole and the potential natural distribution of forest cover as predicted by
the reference ecosystem map to determine the percent of forest protected in each
condition. The gap analysis, using the current forest distribution, indicated that the well
and poorly drained upland ecosystems were underrepresented in the reserve network. A
similar pattern emerged using the reference ecosystem map; however, reflecting the
degree to which these upland ecosystems are deforested, to meet a 25% representation
target would require three to four times more forest than existed in these ELUs in 1990.
The results of the gap analysis based on the current vegetation distribution were
influenced by the pattern of deforestation in the LTCW. The reference ecosystems map
provided a model of an intact functioning landscape from which to establish conservation
planning targets. Although the upland matrix forest ecosystems may have lower species
richness per land unit area and are relatively common, restoring portions of the matrix
forest may be the key to the long-term maintenance of biological diversity in the LTCW.
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INTRODUCTION
The Germantown and Twin Creek Metroparks within the Five Rivers Metroparks
(FRMP) in Montgomery County, Ohio currently protect 1066 ha in the Lower Twin
Creek watershed (LTCW). Approximately 95% of the land base within these two
Metroparks is in a reserve status and the remaining 5% is maintained for recreational
opportunities. Areas with reserve status are managed primarily for the maintenance of
biological diversity. The Five Rivers Metroparks land stewardship staff is currently in
the process of expanding conservation efforts in the LTCW.

This thesis aims to aid the

FRMP with conservation planning in the LTCW by identifying terrestrial conservation
targets and planning goals.

Expanding Conservation Efforts
Biodiversity is the variety of living organisms and the environment in which they
interact, and is recognized at genetic, species, ecosystem, and landscape levels of
organization (Noss 1990, Meffe and Carroll 1997). The conventional approach for
conserving biological diversity has been a species by species and threat-by-threat
approach (Scott et al. 1993). This reactive approach to conservation has proven to be
difficult, expensive, biased, and inefficient (Franklin 1993, Scott et al. 1993).
Recognizing that biological diversity consists of more than just a variety of species,
biological conservation efforts have expanded, placing greater emphasis on ecological
communities in a landscape context (Franklin 1993, Christensen et al. 1996, Anderson et
1

al. 1999, Poiani et al. 2000). Ecosystems are open systems with a flux of species, energy,
and nutrients (Pickett and Ostfeld 1995). Nature reserves cannot be treated in isolation;
they must be managed within the context of the landscape, accounting for spatial and
temporal changes (Franklin 1993, Pickett and Ostfeld 1995). To achieve the objective of
conserving a vast majority of biodiversity, conservation planning and analysis must be
conducted at the landscape level, focusing on ecological communities and the processes
that maintain them (Noss 1983, Franklin 1993, Anderson 1999).
Ecological communities are characterized as a subset of their biotic components
including vegetation and associated abiotic factors such as topography, slope position,
soils, and geomorphology (Barnes et al. 1998, Anderson et al. 1999). The vegetation
makes up only a small fraction of the hundreds of thousands of species such as
invertebrates, fungi, and bacteria that can exist within a community (Anderson et al.,
1999). Because a complete inventory of each species is impractical, conservation efforts
are being focused on the representation of ecological communities (Franklin 1993,
Anderson et al. 1999). It is estimated that 85 – 90% of species can be protected by
adequately representing ecological communities without focusing on individual species
(Scott 1993). The practicality of this approach is arguably the only way to conserve the
overwhelming mass of existing biodiversity (Anderson et al. 1999).

Gap Analysis for Biodiversity Protection
Gap analysis is a strategy that seeks to define conservation planning goals based
on providing an appropriate mix of ecological communities across a planning landscape
(Haufler et al. 1999). Gap analysis is an expanded “coarse filter” approach to
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biodiversity conservation (Scott et al. 1993). It is assumed that ecological integrity and
biodiversity can be maintained by adequate representation of ecological communities
within the planning landscape (Haufler et al. 1999).
Gap analysis is now a nationwide program with the following two objectives: (1)
identify areas rich in species diversity and measure the extent to which they are protected
in conservation areas, and (2) map and identify vegetation types not adequately
represented in the current reserve systems (Scott et al.1993). Recognizing that a
relatively small proportion of the total land base can be devoted to the conservation of
biological diversity, gap analysis is an objective means to rank proposed conservation
areas (Scott et al. 1993). Once gaps in the protection of biological diversity are
identified, land acquisition efforts can be focused in those areas (Scott et al. 1993, Kiester
et al. 1996).
The Gap Analysis Program operates on a relatively large geographic area, and at a
coarse spatial scale (1:100,000) (Scott et al. 1993). Scott et al. (1993) recognize that gap
analysis has several limitations due to its large minimum mapping unit (100 ha to 1 km
sq.), and can fail to identify small habitat patches, and gradual ecotones. Because nature
reserve design and expansion must address issues at a finer spatial scale (1:24,000),
landscape level gap analysis has been developed (Strittholt and Boerner 1995).

Ecosystem Classification for Conservation
Conservation planning requires basic information on current vegetation
distribution in an ecological framework. Classification systems recognize that plant
communities are not randomly distributed across the landscape, but often occur in
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predictable assemblages, and that communities can be successfully partitioned to describe
the associated species (Anderson et al. 1999, Haufler et al. 1999). However, vegetation is
continuous across the landscape. The development of the “continuum concept” by
Gleason (1926) and Whittaker (1962) is based on the hypothesis that species assemblages
change more or less gradually across environmental and geographical gradients, with no
defined boundaries (Grossman et al. 1998). Individual species have distinct, independent
responses to the environment (Gleason 1926, Whittaker 1962). Given that the continuum
concept provides a more realistic view of vegetation patterns, the function of a
classification system is to provide a set of criteria that brings a certain degree of order to
ecological patterns for the purpose of natural resource management (Grossman et al.
1998).
Classification systems can be based on a number of ecological factors (vegetation,
soils, landform) individually or jointly (Grossman et al. 1998, Pregitzer et al. 2001). In
an evaluation of classification systems, Pregitzer et al. (2001) found that no single system
provides all information necessary to maintain and restore biodiversity in a planning
landscape. Current vegetation structure and composition are the best measures to
monitor and maintain biodiversity (Grossman et al. 1998, Pregitzer et al. 2001).
However, vegetation is dynamic, and anthropogenic and natural disturbances influence
the structure and composition of vegetation (Christensen 1989, Pickett and White 1985).
Multifactor ecological land classification systems provide an understanding of the
ecological processes that constrain the development of vegetation composition and
structure in the landscape (Pregitzer et al. 2001). Combining information on current
vegetation composition with information on ecosystem properties is necessary to provide
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a detailed understanding of the vegetation conditions in past, present, and future (Cleland
et al. 1997, Pregitzer et al. 2001). Geographic Information Systems (GIS) is a means to
integrate current vegetation distribution and the potential natural conditions.
Ecological land classification identifies the interrelationships between mature
vegetation, physiography, and soils (Barnes et al. 1982). Ecosystems are spatially
explicit units of Earth that include all organisms, along with all components of their
abiotic environment within its boundaries (Christensen et al. 1996). Ecological land
classification operates under the recognition that ecosystems are arranged in a hierarchy,
and that the landscape is composed of nested ecosystems (Cleland et al. 1997, Barnes et
al. 1998). The boundaries in the macro-levels (ecoregion: 2,500 to 62,500 km. sq.) of the
hierarchy are largely controlled by climate, whereas in the micro-level (landtype: 1.5 – 25
ha) they are bound by physiography, soils, and potential natural vegetation (Cleland et al.
1997, Barnes et al. 1998). Vegetation within a given ecosystem has similar growth,
response to management, and reaction to natural disturbance (Barnes et al. 1998). For
these reasons, ecological land unit classification is effective for establishing reference
ecosystems from which the current vegetation distribution can be assessed (Palik et al.
2000, Jenkins and Parker 2001).
Establishing ecological reference conditions is a contentious issue due to
contingencies such as site history (anthropogenic and natural disturbance) and dispersal
events (Pickett and Parker 1994, Aronson et al. 1995, Palik et al. 2000). In disturbed
ecosystems, contingency means that any number of potential vegetation states could exist
for a given site (Pickett and Parker 1994). Although the relative influence of past
disturbance is unknown in many situations, conservation planning requires a set of
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reference conditions from which to assess the state of the current vegetation to determine
what should be targeted for protection and restoration to piece back together a
functioning system (Aronson et al. 1995, Palik et al. 2000). In disturbed ecosystems,
ecological land classification is appropriate for establishing reference vegetation
conditions, in particular because anthropogenic factors are more likely to influence
vegetation than geomorphology or soils (Palik et al. 2000).

Mapping Ecosystems
Mapping ecological land units (ELUs) is a way to visualize the classification
system (Bourgeron et al. 2001). An ELU map establishes discrete management units
with similar physiography, soil, and potential natural vegetation. Land cover type maps
of current vegetation (generated from aerial imagery) alone are too general for
conservation planning (e.g. coniferous forest, deciduous forest, agriculture). In
combination with a map of current vegetation distribution, mapped ecological land units
provide the necessary information to predict the potential natural vegetation composition
across a planning landscape (Cleland et al. 1997). Franklin (1995) defined predictive
vegetation mapping as “predicting the vegetation composition across a landscape from
mapped environmental variables.” Predictive vegetation mapping is based on ecological
niche theory and gradient analysis (Franklin 1995). It starts with the development of a
model, followed by the application of the model in a geographic database to produce a
vegetation map (Franklin 1995).
In a degraded landscape, a reference ecosystem map provides a better view of a
more intact functioning landscape than the current vegetation distribution by predicting
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the distribution of potential natural vegetation (Strittholt and Boerner 1995). In
agricultural landscapes with low forest cover the spatial configuration and composition of
the vegetation is an artifact of past land use (Jenkins and Parker 2001, Ramey-Gassert
and Runkle 1992). Establishing a base line of ecosystem processes that influence the
distribution and composition of forest vegetation in the landscape is important to identify
the desired future condition. The arrangement of plant communities within a landscape is
a result of two overlaid patterns: the distribution of vegetation along a gradient of limiting
environmental site factors and a pattern of disturbance and recovery within the
community at each point along the environmental gradients (Romme and Knight 1982).
Assuming that an ecosystem reference map is a reasonable representation of the most
important factors influencing intact mature vegetation, it will provide insight into the
potential natural distribution of forest vegetation across a disturbed landscape. Reference
conditions in conjunction with current vegetation distribution provide the information
required to conduct a gap analysis in a disturbed landscape to piece together a cohesive
functioning reserve network.

7

OBJECTIVES
To aid in the identification of conservation and restoration priorities within the
LTCW this study had five primary objectives. 1) I developed a multifactor Ecological
Land Unit (ELU) classification system. I used mature forest canopy tree species,
physiography and soil series to delineate ELUs in a Geographical Information System
(GIS). ELUs were based on relatively stable associations of soils, physiography, and
potential natural vegetation (Barnes et al. 1982). Distinctive groups of mature canopy
tree species were identified for each ELU, and represented the potential natural
vegetation for that ecological land unit. 2) I modeled and mapped ELUs in a GIS
database in the Lower Twin Creek watershed. To define the boundaries of ecological
land units, a spatial database was constructed of the variables that were identified in the
multifactor classification as most strongly influencing vegetation distribution. The ELU
map will serve as a baseline of reference ecosystems from which to compare changes due
to land use. 3) I assessed the influence of land use on the distribution of forest cover in
each ecosystem to establish if particular ELUs were selectively deforested. 4) I also
compared the current forest composition in each ELU to the presettlement forest
composition to see if the LTCW ecosystem classification is biologically meaningful.
5) Finally, I conducted a biodiversity gap analysis to determine if the relative percent of
forest cover in each ecological land unit within the current reserve system is
representative of the surrounding landscape.
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STUDY AREA
The LTCW is located in southwestern Ohio, in the southwestern portion of
Montgomery County (Fig. 1). Twin Creek is a tributary of the Great Miami River and
covers 19,911 ha of Montgomery County. It bisects Montgomery County with its
headwaters in Preble County and feeds into the Great Miami River in Warren County.
The southern and western borders of the study area are political boundaries, which were
chosen for two reasons: 1) the Five River Metroparks concentrates its land purchases in
Montgomery County, and 2) the field data were restricted to Montgomery County. The
Little Twin Creek and Tom’s Run watersheds, tributaries of Twin Creek, are completely
within Montgomery County.

Climate
The climate is continental, and is characterized as having large annual and daily
changes in temperature (Davis et al. 1976). The summers are moderately warm and
humid, with an average of 25 days when the temperature is over 32° C (Davis et al.
1976). The winters are cold and cloudy, with an average of 138 days that reach below
freezing (Davis et al. 1976). The average rainfall for Montgomery County is 94 cm
(Davis et al. 1976). Precipitation is normally abundant and well distributed, with the
lowest amount of rainfall in the fall (Davis et al. 1976). In the growing season, the
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majority of rainfall occurs in the form of thundershowers, while gentle rain showers are
the most frequent form of precipitation in the winter (Davis et al. 1976).

Physiography
At the Ecoregional scale, the study site is located within Eastern Broadleaf forest
(Continental) Province of the Hot Continental Division of the Humid Temperate Domain
(Bailey et al. 1994). The study site is located in the Central Till Plain subregion, BeechMaple Section (McNab and Avers 1994).

Geomorphology
The Central Till Plain Region is characterized as broad flat to gently rolling
uplands, and with shallow drainages (Davis et al. 1976, McNab and Avers 1994). Past
glacial activity altered the previously rolling limestone topography by grinding down and
filling-in topographic relief (Davis et al. 1976). Subsequently, stream development
occurred eroding the glacial till, resulting in drainages such as Twin Creek (Davis et al.
1976). The maximum relief in Montgomery County is 128 m. Approximately 91 m of
this can be accounted for by steep descents from upland to river bottom (Davis et al.
1976). Elevation in Montgomery County ranges from 207 to 335 m above sea level
(Davis et al. 1976).

Geology and Soils
The parent material for the soils of Montgomery County was derived primarily
from glacial drift transported by water and ice, eroded bedrock, or from a combination of
these materials (Davis et al. 1976). In Montgomery County, the Wisconsin glacier is
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largely responsible for the distribution of till over the bedrock. Till deposits range from
near bedrock exposures to 46 to 91m thick (Davis et al. 1976). The average till thickness
in the county is 6 m (Davis et al. 1976). In river bottoms, outwash in the form of streamsorted deposits of gravel and sand is also a result of glaciation (Davis et al. 1976). It
ranges in thickness from a thin layer to large areas 55 m thick (Davis et al. 1976).
The soils in the Twin Creek watershed range from Brookston-Crosby association
in the uplands, to Miamian-Celina association, to Ross-Medway association in the
bottomlands (Davis et al. 1976). The Brookston-Crosby association is nearly level to
gently sloping, very poorly to poorly drained, with a fined textured subsoil, and found in
the northern portion of the Twin Creek watershed (Davis et al. 1976). The MiamianCelina association is nearly level to moderately steep, moderately well drained, has fine
textured subsoil, and occurs in a large portion of Twin Creek watershed (Davis et al.
1976). The Ross-Medway association is nearly level, deep, well drained, has a
moderately coarse texture, and occurs in the lower portion of the watershed (Davis et al.
1976).

Vegetation
The LTCW is located in the Beech - Maple Forest Region (Braun 1950). This
region is characterized by the dominance of American beech (Fagus grandifolia) and
sugar maple (Acer saccharum) (Braun 1950). Other codominant tree species include
white ash (Fraxinus americana), white oak (Quercus alba), red oak (Quercus rubra),
shagbark hickory (Carya ovata), and black cherry (Prunus serotina). Although, Braun
(1950) does not recognize any other sections within the Beech – Maple Forest Region,
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local topography and soil conditions influence canopy tree composition. Poorly drained
flat uplands are occupied by Elm – Ash Swamp forest, which are composed of American
elm (Ulmus americana), white ash (F. americana), and silver maple (Acer saccharinum)
(Gordon 1969). Better-drained sites are regarded as subtypes and have been collectively
called Swamp Oak – Hickory, composed primarily of swamp white oak (Q. bicolor), pin
oak (Quercus palustris), and shagbark hickory (C. ovata) (Gordon 1969). In the gentle
rolling and mildly dissected portions of the region the Beech – Maple forest type
dominates, with American beech and sugar maple making up to 90% of the canopy trees
(Braun 1950). In areas with considerable relief, patches of mixed oak and mixed
mesophytic forest are found within the region (Braun 1950). Occupying river bottoms,
many phases of Bottomland Hardwood Forest have been identified (Gordon 1969). In
the Central Till Plain Region of Ohio, Anderson (1982) separated floodplain forest into
two groups: Maple – Cottonwood – Sycamore, and Mixed Floodplain Forest. Maple –
Cottonwood – Sycamore forest is characteristically dominated by sycamore (Platanus
occidentalis), cottonwood (Populus deltoides), silver maple (A. saccharinum) hackberry
(Celtis occidentalis), and box elder (Acer negundo) (Gordon 1969, Anderson 1982).
Mixed Floodplain Forest is different in that it includes areas that flood irregularly and is
therefore dominated by mesic species such as tuliptree (Liriodendron tulipifera),
hickories (Carya spp.), and oaks (Quercus spp.) (Anderson 1982).

Land Use History
Past land use in the Central Till Plain Ecoregion has had a significant influence on
the distribution of forest cover. Agriculture and urban development dominate most of
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this region (McNab and Avers 1994, Ricketts et al. 1999). A patchwork of second
growth woodlots, most less than 100 ha, dots the landscape (McNab and Avers 1994).
Less than one percent of the presettlement old growth forest remains in the Central Till
Plain Ecoregion (Parker 1989), as it is one of the most heavily impacted ecoregions from
human development on the continent (Ricketts et al. 1999).
Prior to European settlement, Ohio was 95% forested with a diversity of small
wetlands and prairie openings (Whitney 1994). By the early 1900’s forest cover had
dropped to 10% of the state (Whitney 1994). Due primarily to agriculture abandonment,
the forest cover in the state of Ohio has increased to approximately 30% (Birch and
Wharton 1982, Whitney 1994).
In Montgomery County, which was originally densely forested, forest cover
decreased from 36% in 1853 to 13% in 1883 (Ohio State Forestry Bureau 1885). From
1942 to 1979 the forest cover remained consistent at 0 – 9.9% forest cover (Birch and
Wharton 1982). In 1990 the LTCW was 15% forested.

Natural Disturbance Regime
In upland sites in the beech-maple forest region of Ohio, the disturbance regime is
thought to be a moderate frequency of small to medium scale disturbances such as single
canopy tree fall and wind throw. In Hueston Woods, an old growth remnant in
southwestern Ohio, Runkle (1981) determined that canopy gaps caused by single to
multiple tree fall were the predominate disturbance. Canopy gaps form at an average rate
of 1% of the total land area per year and cover 9.5% of the total land area being open at
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one time (Runkle 1981). Canopy gaps ranged from 50 m2 to 2009 m2 in size (Runkle
1981).
In an analysis of presettlement forest data in northeastern Ohio, Whitney (1982)
found that large-scale disturbances were relatively infrequent. He speculated that largescale disturbances such as fire would have reduced the number of fire-intolerant species
such as American beech (Whitney 1982). In an old growth forest remnant in
northeastern Ohio, Boerner and Cho (1987) speculated that the large emergent shade
intolerant oak species in the canopy were established after one or more large disturbances
> 300 years ago. Large-scale windthrows that occur due to tornados and thunderstorm
downbursts are one possible mechanism and were determined to have a return interval of
679 years (Boerner and Cho 1987). Montgomery County reported ten tornados since
1900 (Davis et al. 1976). In the Beech-Maple forest region, the balance between large
and small disturbances is not clear. However, canopy gap creation is fairly homogeneous
in the temperate forest, ranging from 0.5% to 2.0% per year (Runkle 1981, 1985).
In bottomland forest sites in the region the disturbance processes and the response
of vegetation are very different than upland forest sites (Hodges 1997). Floodplain
ecosystems are dynamic, and rapid change is inherent in the system (Hodges 1997).
Erosion and deposition of floodplain soils strongly influence the spatial and temporal
distribution of vegetation (Hodges 1997). It is common to have different vegetation
zones on developed alluvial deposits of varying ages (Anderson 1982). The vegetation
both influences and is influenced by the meandering of the stream course (Anderson
1982).
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METHODS
Sample Design
The forest data in this study came from the Five Rivers Metro Parks cover
mapping project and a private landowner woodlot study. I headed the field crew that
collected the data for these two projects. The Twin Creek and Germantown MetroPark
forest data were collected during the months of February - May 1999. The forest data
from the woodlot study were collected from May - June 2000 and October 2001.
The Five Rivers MetroParks Land Stewardship personnel developed the covermapping system in order to assess and map habitat types with in the park system (Nolin
1999). The sampling design and field procedures were modeled after the cover mapping
system used by the ODNR, Division of Wildlife (Nolin 1999). The Five Rivers
Metropark Cover Mapping System was also designed so staff and volunteers could
participate in collecting the data (Nolin 1999).
On aerial photographs (~ 1/15,000), sample stands were stratified by topographic
position, vegetation structure, and soil series type. Field reconnaissance with aerial
photographs, topographic maps (1/24,000), and soil series maps were then used to
establish that the sample stands had relatively homogeneous topographic position,
vegetation structure and composition. Only late successional forest stands were sampled
and were identified as having: 1) multiple forest strata, 2) a range of diameter classes, 3)
numerous canopy tree species (i.e. not a monoculture), 4) little sign of recent
anthropogenic disturbance, and 5) presence of coarse woody debris.
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Sample stands were digitized into an Arc View Database using 7.5 min Digital
Orthophoto Quarter Quadrangle (DOQQ) with a one-meter resolution, a digital line graph
derived from Digital Elevation Models (DEMs), and an Ohio Department of Natural
Resources (ODNR), Division of Soil and Water Conservation, digital soil-series map
originally compiled by the Soil Survey of Montgomery County at a 1:15840 scale. The
DOQQs and DEMs included Farmersville (NE, NW, SE, SW), Brookville (NE, NW, SE,
SW, Franklin (NW), Middletown (NE, NW), and Miamisburg (NW).
At total of 267 sample stands were established in the LTCW, 123 sample stands
covering 288 ha in Twin Creek and Germantown MetroParks, and 144 sample stands
covering 183 ha in privately owned woodlots (Fig. 2). The average sample stand size
was 1.8 ha. Fifteen percent of the forest cover in the LTCW was sampled. It is likely
that these sample stands represent a majority of the mature forest in the watershed. I tried
to obtain a proportionate representation of all topographic positions and soil types by
increasing the number of privately own stands in the uplands.

Field Procedures
Within the forest sample stands, points were established on transect lines that
were placed roughly through the middle of the sample stand. In some cases a second
transect was needed to adequately cover an irregularly shaped unit. The first point was
located approximately 25 meters from the edge of the stand, and the subsequent plots
were placed approximately 50 meters apart. This was accomplished by pacing out 50
meters along a compass line. The number of points established in a forest sample stand is
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approximately proportionate to its area, although in general 8 – 12 points (40 – 60 trees)
were thought adequate to characterize a stand (Fig 3)
The following methods were used to sample the vegetation. At each point the
five closest dominant overstory (canopy and sub-canopy) trees were identified and
recorded. Canopy trees were defined as individuals not overtopped by adjacent trees.
The five closest canopy trees were identified by looking at the canopy and estimating
which trees branches were closest to or overlapped the point center. The tallest
understory seedlings and saplings species within a 3.3 m radius of the point center were
recorded. Nomenclature for the tree species followed Gleason and Cronquist (1991).
This unconventional and rapid assessment technique was employed in order to determine
the composition of the forest overstory while remaining relatively easy for staff and
volunteers to implement.

Physiographic and Soil Data
Site factors can be separated into three different types of environmental gradients:
1) indirect gradients that have no direct physiological influence on plant growth but may
be correlated with vegetation and/or resource gradients at the local level (slope and
aspect), 2) direct gradients that include factors that have a direct physiological effect on
plant growth but are not consumed by the plant (temperature and pH), and 3) resource
gradients of matter and energy used by plants for growth (moisture, sunlight, and nutrient
availability) (Franklin 1995). In relatively undisturbed forest in Ohio, soil moisture
availability has been identified as the most important resource gradient in constraining
the distribution of vegetation (Runkle and Whitney 1987, Boerner and Do-Soon Cho
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1987, DeMars and Runkle 1992). Many indirect gradients, which are easy mapped and
recognized in the field (topographic position, soil drainage, and aspect), have been
correlated with soil moisture availability (Iverson et al. 1997).
Physiographic and soil variables were not collected in the field. A GIS database
was constructed in Arc View GIS of the seven abiotic variables believed to represent the
processes influencing vegetation distribution in the LTCW. All the data layers in the
GIS database were converted to NAD 27 UTM Zone 16 using the Arc View GIS
Projection Utility Wizard to correspond with the projection of the DEMs. In the GIS
database the continuous data were transformed into discrete classes to more easily
integrate the variables in the classification system and to facilitate the ELU mapping
process (Table 1). A raster based reclassification procedure in Arc View GIS Spatial
Analyst, which recodes the existing grid cell attributes to a new classification, was used
to convert the data into classes. In all cases, the class variables were significantly
correlated with the continuous data and represented at least 60% of the variation.
Slope percent, curvature, hillshade, and flow accumulation were derived from
USGS 7.5 minute Digital Elevation data for the Franklin, Brookville, Farmersville,
Middletown, Fairborn, and Trotwood quadrangles (1:24,000 scale, 30 m resolution
[24K]). The DEMs were imported into Arc View GIS Spatial Analyst and converted to
grids. The grids were then merged together to create one grid (LTCW) for the entire
study area. The resolution of the LTCW elevation grid was changed from a 30 m cell to
a 7.5 m cell in increments of 15 m using the resample function in Arc View GIS Spatial
Analyst. Bilinear resampling uses the four nearest cells to interpolate an average value
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for each cell (ESRI 1997, Iverson et al. 1997). Reducing the grid resolution provides a
better depiction of the landscape features (Shao and Parker 2001).
Slope percent is the steepness of an area and is related to the rate at which water
would run off a site, influencing soil moisture and soil development (Franklin 1995). The
slope function determines the rate of change from each cell’s elevation to its neighbor’s
elevation (ESRI 1997). A slope grid was created from the LTCW elevation grid using
the slope function in Spatial Analyst. The slope percent grid was reclassified into three
classes: flat to gentle slopes (0% -14.9%), moderate slopes (15% - 29.9%), and steep
slopes (≥ 30.0%). The same classes were also used in the Wayne National Forest
ecological classification (Hix and Pearcy 1997) (Table 1).
Curvature defines the shape of the landscape perpendicular to the slope (ESRI
1997). The curvature command in Spatial Analyst assesses the slope of the surrounding
cells to calculate the shape of the slope; with positive values representing concave slopes,
medium values representing linear slopes, and negative values corresponding to convex
slopes. Curvature is related to subsurface water flow and soil erosion, which influence
soil depth, water holding capacity, nutrient availability, and site productivity (Franklin
1995). Concave slopes cumulate moisture and nutrients, and are characterized as mesic
sites (Iverson et al. 1997). Convex slopes or small knolls generally have less available
moisture and nutrients. The curvature grid was relativized by its maximum value and
then was reclassified into three classes; concave, linear, and convex (Table 1). The
classes were defined by graphing the distribution of the data and creating breaks that
would capture all the linear areas (Table 1).
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The hillshade function in Arc View GIS Spatial Analyst determines the
hypothetical solar radiation of the earth’s surface at a specific location due to variations
in slope angle, aspect, and position (ESRI 1997, Iverson et al. 1997). Daily maximum
solar radiation occurs on south to southwest facing slopes (Iverson et al. 1997, Barnes et
al. 1998). Evapotranspiration from direct sunlight on days with high afternoon
temperatures reduces the available moisture most on steep SSW facing slopes (Iverson et
al. 1997). Protected NNE facing slopes retain more moisture, because they receive less
direct sunlight. The hillshade command was applied to the LTCW elevation grid, and the
resulting data were relativized by the maximum value. Data were then reclassified into
three classes: shaded NNE facing slopes, moderately exposed slopes (flat to gentle rolling
areas), and exposed SSE slopes. The classes were defined by identifying the range of
hillshade values found on flat areas in the slope grid. The values below this range were
classified as shaded and values above were classified as exposed.
Flow accumulation is a hydrological function that represents the accumulated
water flow to each cell (Iverson et al. 1997). It is an accumulated weight for all cells that
flow into a down slope cell. First, the LTCW elevation grid was modified to remove the
Germantown Dam using the manual grid editor in Arc View GIS Spatial Analysis. This
was done because the flow accumulation routine cannot distinguish between natural
hillsides and a free flow dam. Then, a flow direction grid was created from the modified
LTCW elevation grid, which determines the direction of flow out of each cell based on
the eight neighboring cells. The “fill sink” request was then used to correct any
misclassified cells, which causes water not to flow through a cell (ESRI 1997). Finally,
the flow accumulation for the watershed was determined, relativized by its maximum
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value, and then reclassified into six classes that ranged from low flow on ridge tops to
high flow in bottomlands (Table 1). The classes were defined by graphing the
distribution of the data and establishing even breaks within the majority of the data.
To create the soil drainage and the Total Water Holding Capacity (TWHC) grids,
an Ohio Department of Natural Resources (ODNR), Division of Soil and Water
Conservation, digital soil-series map, originally compiled by the Soil Survey of
Montgomery County at a 1:15840 scale, was used. The digital soil map is composed of
soil mapping units that designate specific types of soils with similar characteristics such
as texture and thickness. The soil mapping units were grouped by soil series in the Arc
View GIS attribute data table. The soil drainage and TWHC shape files were converted
to grids using Spatial Analyst.
Soil drainage is based on the permeability (inches per hour) of the soil. In flat
areas in the Central Till Plain Ecoregion late successional forest composition is related to
drainage classes (Boerner and Do-Soon Cho 1987). The Soil Survey of Montgomery
County was used to identify the drainage class for each soil series in the LTCW. The
drainage classes ranged from very poorly drained to well drained. In the attribute data
table in Arc View GIS each soil series was coded with a drainage class.
TWHC is the amount of water available to plants in the A and B soil horizon
(Iverson et al. 1997). To calculate TWHC, a method developed by Iverson et al. (1997)
was used. The Soil Survey of Montgomery County was used to determine the depth of
the A and B soil horizon for each soil series. The soil depth was then multiplied by the
available water holding capacity (per unit depth). In the LTCW there were 38 soil series
units. The TWHC for each soil series was then entered into the Arc View GIS attribute
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data table. The data was reclassified into four groups by graphing its distribution and
developing even breaks in the main portion of the data (Table 1).
Landform position is the relative topographic or slope position of a cell in relation
to other cells in the landscape. In southwestern Ohio, topographic position has been
strongly correlated with moisture availability and species distribution (DeMars and
Runkle 1992). To delineate five landforms in the LTCW three GIS data layers were
constructed. The slope grid was used to isolate slopes (≥ 15%) and flat to gentle rolling
areas (<15%). To separate the flat areas into upland and bottomlands, a bottomland shape
file was created using alluvium soil series units, from the ODNR digital soil-series map,
that are characteristic of floodplains. The bottomland shape file consisted primarily of
the Ross soil series at 46%, Medway soil series at 14%, Fox soil series at 7%, and Ockley
soil series at 5%. The bottomland shape file was converted to a grid. Using a method
developed by The Nature Conservancy GIS Boston Office (2000) to identify slope
positions, narrow ravine bottoms and narrow ridge tops were segregated via the LTCW
elevation grid. The resulting grid was queried to isolate the narrow ravine bottoms and
narrow ridge top. Using the map calculator the five landforms were combined (Table 1).
For each variable, the median value of the sample stand was calculated by first
overlaying the sample stand shape file onto each of the environmental variable grids.
Then the summarize zones command in Arc View GIS Spatial Analyst was used to obtain
the median values. The resulting data for the 267 sample stands for each of the seven
variables were compiled in an Excel spreadsheet.
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Identification/Classification of the Ecological Land Units
An ecological multifactor classification was applied to the mature forest data from
the cover mapping and woodlot study to identify the ecological land units found in the
LTCW. Each sample stand was summarized in a table showing canopy trees present and
their relative density (RD). Saplings for each sample stand were also compiled by
species and relative density. The canopy tree data were analyzed in two ways. First,
independent of the environmental variables, the canopy tree species were classified into
ecological species groups and the sample stands were grouped into distinct forest
communities using TWINSPAN analysis (Fig. 4). The purpose of the ecological species
groups is to organize the canopy tree species in a biologically meaning way that can be
related to the ELUs. The sample stands were classified into forest communities to assess
the capacity of the ecological land unit classification to predict forest community
distribution. Secondly, DECORANA ordination analysis was used to relate the canopy
tree data to the physiographic and soil variables to identify which of the variables
significantly influenced forest composition in the LTCW (Fig. 4). The DECORANA
ordination analysis was also used to validate that the ecological land units are distinct in
their canopy tree composition. Using a method similar to Hix and Pearcy (1997), the
higher levels of the ecological classification system were based on the significant
physiographic and soil variables, while the lowest level of the classification was based on
vegetation (Fig. 4).
To identify ecological species groups and classify sample stands into distinct
plant communities, the canopy trees species RD was analyzed using two-way indicator
species analysis (TWINSPAN) (Hill 1979) in PC-ORD (McCune and Mefford 1995).
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The default settings were used with five pseudospecies cut levels. TWINSPAN is a
classification method used to group species that are consistently found together in
clusters (Gauch 1982). The clusters were depicted in a hierarchical arrangement to
delineate distinct groups of canopy tree species. Ecological species groups are
collections of plants that indicate a certain set of environmental conditions (Spies and
Barnes 1985b, Hix and Pearcy 1997). More commonly, ecological species groups are an
assemblage of ground flora plants (Spies and Barnes 1985b). However, canopy trees
species have also been shown to have a strong fidelity to particular site types (Hix and
Pearcy 1997). Using TWINSPAN in PC-ORD (McCune and Mefford 1995) sample
stands were classified into forest communities.
Detrended Correspondence Analysis (DECORANA) (Hill 1979b) was used to
arrange canopy tree species RD data in ordination space. Ordination analysis is
commonly used in community ecology to simplify complex highly variable data to
determine a few main patterns of variation (Gauch 1982). Sample stands are arranged on
one to two axes, and stands with similar composition are closer to each other in
ordination space than are dissimilar sites (Gauch 1982). Sample stand axis scores for the
first and second axis were compiled in an Excel spread sheet.
Stepwise multiple regression (SAS) was used to identify the physiographic and
soil variables that most strongly influence canopy tree species distribution in the LTCW.
The median values for each sample stand and each environmental variable were related to
the canopy tree axis scores.
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Pearson correlation analysis was utilized to eliminate redundant physiographic
and soil variables, because fewer variables in the ELU classification system would
facilitate its application in GIS.
Cluster analysis of the significant physiographic and soil variables for each
sample stand (using squared Euclidean distance and Ward’s minimum variance linkage
method) was performed in PC-ORD (McCune and Mefford 1995, Hix and Pearcy 1997)
(Fig 1). The results of the cluster analysis were depicted in a dendrogram to identify the
structure of each of the ELUs (Hix and Pearcy 1997). Sample stands with similar
physiographic and soil variables were clustered together in the dendrogram.
Multiresponse permutation procedure (MRPP) in PC-ORD (McCune and Mefford
1995) was used to test for significant differences in canopy tree species RD between
clusters of samples stands (Hix and Pearcy 1997). This nonparametric procedure is based
on the RD values of individual stands and tests the hypothesis that two groups of sample
stands are significantly different. In the lowest level of the dendrogram clusters of
sample stands were combined if they did not have significantly different canopy tree
species composition and were not distinctly different in the higher levels of the hierarchy.
The results of the MRPP test in conjuction with the cluster analysis dendrogram formed
the basis for the hierarchal ecological land unit classification system (Fig. 4). Then, the
tree composition of the resulting ELUs were compared using the MRPP test.
The understory tree species composition for each ELU was determined to
ascertain if the ELU had distinct understory tree species composition. Using
TWINSPAN analysis the understory tree species were first classified into ecological
species groups to organize the species in a biologically meaningful way. Then, MRPP
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routine was also used to test if the ELUs had significantly different understory
composition. The understory tree species data will also be used to discuss the likely
changes in species composition in each ELU over time.

Mapping Ecological Land Units
In Arc View GIS Spatial Analyst a database of the physiographic and soil
variable grids used in the ELU classification was created to develop a reference
ecosystem map for LTCW. In the GIS database particular combinations of physiographic
and soil variable classes were isolated based on the ELU classification system. The map
calculator and Bollean queries in Spatial Analyst were utilized to map the ELUs in the
GIS database. First, variables were reclassified to have distinct values, and then added
together in the map calculator (example: slope 100, 200, 300 + curvature 1, 2, 3 = 101,
102, 103, 201 etc.). The resulting grid was then reclassified according to the ELU
classification. At the lower levels of the classification, Bollean queries were used to
isolate particular ELUs, which then were added to the composite map. Bollean queries
are “and” and “or” statements that can be used individually or jointly to isolate a specific
condition (ESRI 1997).
The grid generalize tool in Spatial Analyst was used to consolidate ELUs by
eliminating small pockets of unusual data. First, a majority filter was used to remove the
“salt and pepper” effect. A majority filter replaces the value of each cell in a grid based
on the majority value of its eight contiguous neighboring cells (ESRI 1997). Then the
“remove noise” command was used to remove ELUs < 500 sq. m, 1/20 ha in size, and
their value was replaced with that of the nearest neighbors (ESRI 1997). The smooth
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edges command was then used to smooth the boundary between zones by expanding or
shrinking the edges (ESRI 1997).
A digital detailed watersheds map for Montgomery County developed by the U.S.
Geological Survey at a source scale of 1:24,000 was used to develop the LTCW study
area boundary. Using geoprocessing functions in Arc View GIS the dissolve command
was used to remove boundaries between adjacent sub basins within the study area. The
resulting shape file of the LTCW was used to clip the ELU grid. The result of this
process constitutes the LTCW reference ecosystem map, which represents the potential
natural distribution of vegetation in the watershed.

Presettlement Vegetation Analysis
An 1802-witness tree GIS map (Nolin et al. 1998) of Montgomery County at a
source scale of 1:24,000 was used to compare the presettlement forest vegetation in each
ELU with the current mature forest composition in each ELU. This analysis was
conducted to assess the similarity between the mature canopy trees and the presettlement
witness tress in each of the ELUs in the reference ecosystem map. Arc View Spatial
Analyst was used to overlay the witness tree theme onto the reference ecosystem grid and
the “tabulate area” command was used to determine the frequency of 1802 witness tree
species in each ELU. The relative density of each witness tree species per ELU was then
determined. Utilizing the ELU witness tree dataset and the ELU canopy tree dataset,
percent similarity (Whittaker 1975) between the presettlement and current mature forest
composition was calculated. Percent similarity is a measurement that expresses the
degree to which samples differ from one another in species composition. In this analysis,
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the difference between the current mature forest composition and the presettlement forest
composition is the degree to which the current forest has altered in its composition due to
anthropogenic disturbance. To remove possible error due to misidentification of species,
two species in the Juglans genus were grouped, and F. nigra and F. americana were
grouped. In the presettlement data, Carya spp. were only recognized at the genus level,
so Carya ovata and Carya cordiformis were grouped in the current forest data set.

Current Land Use Relationships with the Ecological Land Units
A 1990 Montgomery County Land Use/ Land Cover digital map derived from
aerial photographs at a source scale of 1:24,000 by ODNR was used to develop a land
cover type map. The Land Use/ Land Cover map represents an interpretation of land
cover from 1990 aerial photographs in accordance with a method developed by the U.S.
Geological Survey (Anderson et al. 1976). The Land Use/ Land Cover map was
imported into Arc View GIS and the geoprocessing function was used to clip the land use
theme with the study area theme. In Spatial Analyst the land use theme was converted to
a grid at 7.5 m pixel size to match ELU grid. The land use theme’s 57 attributes were
then reclassified to the following 7 attributes: developed, agriculture, grassland / pasture,
shrubland, forest, water, and barren.
The following is a short description of the land cover types from the classification
system used by the Resource Analysis Section of ODNR (1990). Developed land is
comprised of areas of intensive use with much of the land covered by structures.
Farmsteads were included in the developed cover type, and contain farmyard, barns, and
other buildings in the immediate vicinity of the farmhouses. Agricultural areas included
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crops such as soybeans or corn that are planted and cultivated in distinct rows. Grassland
and pastures have < 10% woody cover, and may or may not be grazed. In the ODNR
(1990) classification, pastures are grouped under agriculture. However, for this study the
distribution of grassland communities may be important for conservation planning so
they were placed in their own class. Grasslands through out the Mid-West have been
identified as important habitat for a number of bird species (Robinson et al. 1997).
Shrublands are generally former cropland or pastures, which have grown into > 10% of
woody cover and have < 10% crown closure from trees capable of producing timber.
Forest areas have a tree crown aerial density of 10% or more with trees capable of
producing timber. Water includes rivers, creeks, canals, ponds and other water bodies.
Barren land is defined as land of limited ability to support life and in which less than onethird of the area has vegetation or other cover.
To determine if particular ELUs have been selectively deforested, Arc View GIS
Spatial Analysis was used to overlay the reference ecosystem grid with the land cover
type grid. The “tabulate area” function in Spatial Analyst was used to determine the area
of each land cover type in each ELU. The relative percent of each land cover type in
each ELU was determined by dividing the area of each land cover type in an ELU by the
total area covered by that ELU. This analysis will indicate the dominant land cover type
in each ELU.

Gap Analysis for Biodiversity Protection
In Arc View GIS, a boundary theme of the Five Rivers MetroParks facilities
(derived from field surveys at a 1:24,000 scale), in conjunction with the reference
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ecosystem grid and land cover type grid, was used to conduct a biodiversity gap analysis
of the LTCW (Fig 4). First, it was determined if the relative percent of forest in each
ELU within the current reserve system is representative of the LTCW. The land cover
type grid was queried to isolate the forest cover in the LTCW and the results were used to
create a LTCW forest grid. Then, the “clip” function in Arc View was used to remove
the reserve network theme from the reference ecosystem grid. The result represents the
ELUs found in the reserve network and is referred to as ELU Park. The ELU Park grid
was then overlaid with the forest grid and the tabulate area function was used to
determine the forest area protected in each ELU. The representation of current forest in
each ELU in the reserve network was then compared with the abundance of forest in each
ELU in LTCW.
The total area of each ELU in the LTCW was compared to the current protected
forest. This analysis provided some indication of how the current reserve system
compares to the distribution of potential natural forest vegetation. Presuming that the
LTCW was 100% forested in 1804, the reference ecosystem map is similar to a
presettlement forest map, although the composition of the forest sample stands that form
the basis of ELU classification most likely have been influenced by anthropogenic
disturbances (Ramey-Gassert and Runkle 1992). Data for the Gap Analysis was
compiled using a similar method to Strittholt and Boerner (1995). Their 25%
representation target was also used to assess the level of protection of 1990 forest and
potential forest distribution. This intermediate representation target was chosen based on
Strittholt and Boerner’s (1995) review of the conservation literature.
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RESULTS
Classification of Ecological Land Units
Six physiographic and soil variables were significantly related to the sample stand
ordination axis scores in the stepwise regression (Table 2). Flow accumulation was the
only variable not significantly related to the forest sample stand axis scores. Together
landform and slope explain a majority of the variation in the model for DCA axis one
(R2 = 0.59) (Table 2). Drainage and curvature were the only significant variables related
to DCA axis two (R2 = 0.32) (Table 2). Curvature, slope, hillshade, and landform were
negatively related to DCA axis one, and TWHC was positively related (Table 3).
Curvature was positively related and drainage negatively related to DCA axis two (Table
3). The six environmental variables found significantly related to forest stand
composition were considered for inclusion into the ELU classification.
A majority of the physiographic and soil variables were significantly correlated in
the Spearman’s correlation analysis (Table 4). Landform was significantly correlated
with all the variables except for hillshade. Soil drainage and TWHC were the most
highly correlated variables and TWHC only added 2% to the predictive model.
Therefore, TWHC was considered to be a redundant variable and was excluded from the
classification.
The five remaining physiographic and soil variables were used in the cluster
analysis of 267 sample stands. The results of the cluster analysis are depicted in a
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dendrogram (Fig. 5). In the upper level of the dendrogram, the first division was
determined by landform, which separated the uplands on the right of the dendrogram
from the bottomlands and slopes on the left. At the second division on the right side of
the dendrogram, soil drainage divided poorly drained uplands from moderate to well
drained uplands. On the left side of the dendrogram, landform separated slopes from
bottomland sample stands. Hillshade, slope, and curvature divided the sloped sample
stands at the lowest levels of the dendrogram. The cluster analysis dendrogram resulted
in 17 groups of sample stands. To determine which of the 17 sample stand groups should
be combined, MRPP routine was used to test for significant differences in forest
composition between the land units. Only land units that were similar in the lowest level
of the dendrogram were combined. This analysis resulted in nine ELUs with the number
of sample stands in each ranging from 11 to 67 (Fig. 5).
The final classification system was comprised of nine discrete ELUs that have
distinct physiography, soils, and canopy tree composition (Table 5). The cluster analysis
dendrogram in conjunction with the MRPP results are the foundation of the ELU
classification system. The ELU classification system was arranged in a hierarchical
structure based on the dendrogram. The first division in the classification system
separated the nearly level ecosystems (< 15% slope) from ecosystems with moderate to
steep slopes (≥ 15% slope) (Table 5). The nearly level ecosystems were then separated
into bottomlands and uplands. Bottomland ecosystems are divided into wet broad
floodplains (W-BFP) and mesic narrow ravine bottoms (M-NRB) based on slope and
curvature (Table 6 and 7). Upland ecosystems were separated by drainage, curvature,
and slope, resulting in dry narrow ridge tops (D-NRT), well drained broad uplands WD-
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BU), and poorly drained broad uplands (PD-BU) (Table 6 and 7). Moderate to steeply
sloping ecosystems were segregated into northeastern mesic shaded slopes and
southwestern dry exposed slopes by hillshade. The northeast facing ecosystems were
divided into mesic slopes (MS) that occupy all terrain positions except convex slopes,
which were classified as mesic – dry slopes (MDS) (Table 6 and 7). The southwest
facing ecosystems were split into dry – mesic slopes (DMS) that occupy all concave
slopes and linear moderate slopes (15 – 29.9%), and dry slopes (DS) that were linear
steep slopes and all convex slopes (Fig 6 and 7).
The forest composition of each ELU in the classification was characterized by the
most diagnostic two canopy tree species or group of species (Table 5). For example, the
combination of P. occidentalis, P. deltoides and A. saccharinum were exclusively found
in the W-BFP ecosystem. The PD-BU ecosystem was characterized as having a mixture
of Quercus spp. that are indicative of poorly drained conditions.

The MS ecosystem

was distinguished as having a mixed mesophytic composition, in which no one species
dominates. Quercus spp. and Carya ovata were characteristically dominant in the DNRT and DS ecosystems. Similarly F. grandifolia and A. saccharum dominated the WDBU ecosystem.

Comparing Ecological Land Unit Attributes
Physiography and Soils
The range of physiographic and soil conditions found in the LTCW was
characterized by the ELUs (Tables 6 and 7). All of the ELUs were moderate to well
drained, except for the PD-BU ecosystem. The PD-BU ecosystem also had the highest
TWHC and a relatively high flow accumulation, which causes some parts of this

33

ecosystem to be covered by shallow vernal pools at the wettest parts of the year (Table
6). Three of the four slope ecosystems had a mean slope greater that 30%, and the DS
ecosystem had the highest average slope at 35%. The lower mesic slope (MS, DMS) and
the MNRB ecosystems were characterized as having a concave curvature with a
relatively high flow accumulation. In contrast the upper dry slope (DS, MDS) and the
DNRT ecosystems had a convex curvature with the lowest flow accumulation of all the
ELU in the LTCW. The W-BFP and M-NRB ecosystems had the highest flow of all the
ELUs. The WD-BU ecosystem was found to have the most moderate environmental
conditions of all the ELUs.
In the lowest level of the cluster analysis dendrogram adjacent groups sample
stands with distinct physiographic and soil classes were combined, because they did not
have significantly different canopy tree species. Therefore, some ELUs contain multiple
variable classes (Table 7). For instance, the WD-BU ecosystem is divided approximately
equally among three soil drainage classes ranging from moderate to well drained soils.
All of the slope ecosystems have a combination of moderate and steep slopes, but they
tend to be predominantly in the steep slope class. Most of the ELUs contain multiple
hillshade classes, but the upland ecosystems are mostly moderately exposed, dry slope
ecosystems are predominantly exposed southwest facing slopes, and the entire MS
ecosystem has a shaded northeast exposure. In each ELU flow accumulation was the
most variable environmental factor.

Vegetation
Using TWINSPAN analysis the canopy tree data were analyzed in two ways to
determine its relationship to the ELUs. First, five ecological species groups were
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identified. The first species group was classified as a mixed oak swamp group that is
characterized by the presence of Q. bicolor, Q. macrocarpa, and Q. palustris (Table 8).
The second group contains a mixture of Quercus spp. and C. ovata. A mixture of mesic
species distinguishes the third group. The fourth group is a transitional collection of
species from the mesic species group to the fifth group, which is distinguished by the
presence of P. occidentalis and P. deltoides.
Secondly, six forest communities were classified based on the relative density of
canopy tree species in the sample stands. The first community was a mixed oak swamp
dominated by Q. palustris, Q. macrocarpa, C. ovata, and F. americana (Table 8). Q.
rubra, Q. alba, and A. saccharum dominate the second community. The third community
was a mixed mesophytic association with relatively equal proportions of F. grandifolia,
A. saccharum, F. americana, and L. tulipifera. The fourth community was dominated by
F. grandifolia – A. saccharum. L. tulipifera and P. occidentalis were the dominant
species in the fifth community. P. occidentalis, P. deltoides, and A. negundo
characterized the sixth community.
The relative density of canopy tree species for the nine ELUs was determined and
placed in the context of the ecological species groups. The PD-BU ecosystem forest
composition was distinct in having the largest percentage of species in the mixed swamp
oak group, and also having the highest abundance of C. ovata, and F. americana (Table
9). The Quercus spp. – C. ovata group dominated the D-NRT and DS ecosystems with
the highest proportion of Q. alba and Q. rubra of all the other ELUs. The MDS
ecosystem was also dominated by the Quercus spp. – C. ovata group, but had a lower
proportion of C. ovata and a higher percent of A. saccharum. The mesic species group
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(A. saccharum, F. grandifolia, and L. tulipifera) dominated the DMS, MS, WD-BU, and
M-NRB ecosystems with a few notable exceptions in species densities. MS and M-NRB
ecosystems had the highest proportion of L. tulipifera of all other ELUs and they had a
lower percentage of F. grandifolia than any other ecosystem in the mesic species group.
In the M-NRB P. occidentalis was the second most abundant species next to L. tulipifera,
which is an indication of its mesic to wet nature. In contrast, the WD-BU ecosystem had
the highest proportion of F. grandifolia and second highest percentage of A.
saccharinum, and was distinctly different from the mesic slope ecosystems lacking the
presence of L. tulipifera. The P. occidentalis and P. deltoides group occupied over 70%
of the W-BFP ecosystem composition. The C. occidentalis group also had its greatest
density in W-BFP ecosystem.
The three understory tree ecological species groups were uniformly represented in
all the ELUs, but subtle patterns were noted in the density of individual species (Table
10). All ELUs had A. saccharum present in densities ≥ 50% except the PD-BU
ecosystem. The density of understory species in the PD-BU ecosystem was fairly
homogeneous, with the exception of U. americana, and Aesculus glabra, which indicate
poorly drained sites. The D-NRT and dry slope ecosystems were dominated by the F.
americana species group with relatively high percentages of F. americana, F.
grandifolia, P. serotina. The densities of understory species in the DMS and MS
ecosystems were fairly homogeneous, with the exception being a high proportion of
Carya cordiformis and Aesculus glabra in these ELUs. The WD-BU had the highest
percent of A. saccharum of all the ELUs at 60%, and was also composed of U. americana
and F. grandifolia. The M-NRB ecosystem had the highest percentages of A. glabra and
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Fraxinus quadrangulata of all other ELUs. The W-BFP ecosystem had the strongest
relationship with an ecological species group. The understory tree species in the A.
glabra species group made up 90% of the composition of the W-BFP ecosystem, with A.
negundo making up 50% of the species in this ELU.
The forest community types that were classified solely on canopy tree
composition (TWINSPAN) were compared to the ELU sample stands that were primarily
organized by physiographic and soil variables. This analysis was conducted to assess the
ELUs capacity to predict forest community types. The D-NRT and W-BFP ecosystems
were very closely related to the forest community classification with ≥ 90% of their
sample stands in one community (Table 11). The remaining ELUs had 30% to 60% of
their sample stands in one community type. The D-NRT and dry slope ecosystems most
closely aligned with the Q. rubra / Q. alba – C. ovata community. The PD-BU
ecosystem was primarily made up of sample stands in the mixed oak swamp community.
The mesic slope ecosystems were most closely aligned with the mixed mesophytic
community, but the sample stands found in these ecosystems were distributed among four
community types. The D-NRT, W-BFP, and dry slope ecosystems had the smallest range
of community types. The upland ecosystems were the most variable ELUs, containing
five of the six community types. In general, the LTCW ecosystem classification more
accurately predicted the forest community types on the slope and W-BFP ecosystems
than on the upland ecosystems.
The Pairwise MRPP test results established that a majority of the ELUs were
significantly different (P < 0.05) from each other using the canopy tree data (Table 12).
Of the 36 possible ELU combinations, 30 had significantly different canopy tree
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composition. The canopy tree composition of the PD-BU, WD-BU, M-NRB, and WBFP ecosystems were significantly different from all other ELUs. The D-NRT and DS
ecosystems were not significantly different from each other, but were significantly
different from the mesic slope ELUs. The MS, DMS, and MDS ecosystems did not have
significantly different forest composition from each other. The average distance is a
measure of the variation of the composition within the ELU. The variation in canopy tree
composition in the ELUs was fairly consistent, ranging from 0.442 (D-NRT) to 0.586
(MDS).
Using the understory seedling and sapling data, only 16 ELU combinations out of
36 were significantly different (P < 0.05). The PD-BU and W-BFP ecosystems were
significantly different from all other ELUs. The WD-BU ecosystem was significantly
different from the MS ecosystem. No slope ecosystems were significantly different from
any other based on the understory trees species data. The variation in understory
composition within the ELUs was lower than variation in canopy tree composition and
less consistent between ELUs. The highest variation occurred on the PD-BU ecosystem
with an average distance of 0.613 and the lowest occurred on the DS and D-NRT with an
average distance of 0.363.

Ordination
The DECORANA ordination plot of the canopy tree data set illustrates the spatial
distribution of canopy tree species and sample stands in relation to environmental
variables (Fig. 6 and 7). The arrangements of canopy tree species in ordination space
were related to the ecological species groups and the environmental attributes of the
ELUs (Fig 6). The first DCA axis represents a moisture gradient, with species that had
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lower axis scores corresponding to dry site ecosystems and the Quercus spp. – C. ovata
species group, while species with higher axis scores were related to the wet bottomland
ecosystem and the P. occidentalis and P. deltoides species group. Generally, species in
the middle were characteristic of the WD-BU and mesic slope ecosystems. The second
DCA axis represented the species relationship to soil drainage. The species with the
highest values are predominately found on the poorly drained ecosystem and dominated
by the mixed swamp oak species group, while the species with lower values were found
in well-drained ecosystems.
The location of the sample stands in ordination space depicts the relationship of
the ELUs based on their canopy tree composition (Fig. 7). The farther sample stands are
separated in ordination space the less similar they are in composition. Sample stands in
the DNRT and W-BFP ecosystems were separated on opposite ends of DCA axis one.
Some overlap of sample stands in the mesic and dry slope ecosystems occurred.
However, a general pattern emerged separating the two ecosystems. The WD-BU and
mesic slope ecosystems were general found clustered together in ordination space. The
M-NRB ecosystem was the most variable ecosystem, ranging from the mesic to the dry
portion of axis one. The PD-BU ecosystem sample stands were grouped predominately
alone in the upper portion of the ordination plot. In general, based on the separation of
sample stands coded by each ELU, the LTCW ecological classification system captures a
majority of the variation in canopy tree species distribution in the watershed.

39

Mapping the Ecological Land Units
The reference ecosystem map is a depiction of the ELU classification system. In
Arc View Spatial Analyst ecological land units were mapped based on the unique
combinations of physiographic and soil variable classes that were identified in the ELU
classification. To map the WD-BU and PD-BU ecosystems the map calculator was used
in Spatial Analyst to add the Landform and Drainage variables (Table 13). The result of
this calculation was reclassified to isolate the two ELUs. The slope ecosystems were
mapped using Boolean and Relation Queries (Table 13). The unique combination of
variable classes for each ELU facilitated their mapping in Spatial Analyst.
The ELUs were not evenly distributed throughout the watershed and the area
covered by each ecosystem was wide ranging (Fig. 8). The D-NRT, M-NRB, and slope
ecosystems were restricted primarily to the southern portion of the watershed. The
upland ecosystems dominated the northern portion of the watershed but were found
throughout the LTCW. The W-BFP ecosystem was found in its highest concentration in
the southern portions of the watershed, but corridors of this ecosystem are found in the
northern portion of the LTCW. The WD-BU and PD-BU constituted the matrix of the
Lower Twin Creek (LTC) landscape, occupying 58% and 21% of the LTCW respectively
(Table 15 and 16). The W-BFP, MS and DMS ecosystems made up the majority of the
rest of the land area in the watershed, covering 12%, 4% and 4% of the LTCW
respectively (Table 16). The D-NRT, M-NRB, DS, and MDS were small patch
ecosystems, each make up only 1% or less of the LTCW.
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Presettlement Vegetation Analysis
The current forest composition of the ELUs varied in similarity to the
presettlement forest composition. The similarity between the forest composition of the
ELUs in the two times periods provides some indication of how well the LTCW
ecological classification depicts the potential natural vegetation. The number of witness
trees ranged from 14 on the DS ecosystem to 357 on the WD-BU ecosystem, with a total
of 639 witness trees sampled (Table 14). No witness trees were present in the MDS, DNRT, and M-NRB ecosystems, so they were not considered in this analysis. In general,
in the LTCW A. saccharum and Fraxinus spp. have increased in importance in all the
ELUs, whereas F. grandifolia decreased in importance in all ELUs. The current forest
composition of the PD-BU ecosystem had a percent similarity (PS) of 52.3% to the
presettlement forest data. Q. palustris and Quercus macrocarpa were not detected in the
presettlement landscape (Table 14). In contrast, these two species made up 19.6% of the
forest composition in the PD-BU ecosystem (Table 9). The current composition of the
DS ecosystem had a relatively low PS at 39.9% with the presettlement forest. The
current composition of the DMS and MS ecosystems were moderately similar to the
presettlement forest with PS value of 59.1% and 64.8%, respectively. F. grandifolia and
A. saccharum dominated the DMS ecosystem presettlement forest, whereas no one
species dominated the MS ecosystem. The current forest composition of the WD-BU
ecosystem had the highest PS with the presettlement forest at 69.0%. F. grandifolia and
A. saccharum were the dominant species in both time periods. The current forest of the
W-BFP ecosystem had the lowest PS with the presettlement forest composition in the
LTCW at 25.5%. P. deltoides and P. occidentalis collectively made up 53.1% of the
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current composition of the W-BFP ecosystem. In contrast, P. deltoides was not recorded
in the presettlement forest, and P. occidentalis made up only 5.5% of the individuals
recorded.

Current Land Use Relationship with the Ecological Land Units
The distribution and area covered by each land cover type were not uniform
through out the LTCW. The northern potion of the LTCW was primarily in the
agriculture land cover type, although this cover type was found throughout the LTCW
(Fig 9). The agriculture land cover type constitutes the matrix of the LTC landscape,
covering 65% of its area (Table 16). The largest patches of forest were found in the
southern part of the LTCW, with narrow corridors of forest to the north. Forest cover
was the second most abundant land cover type at 15% of the LTCW. Developed areas
made up 10% of the LTCW and were most heavily concentrated around Germantown,
Farmersville, and New Lebanon, although farmsteads were dispersed through watershed.
Shrublands and grasslands were limited in their distribution, covering only 4% and 5% of
the LTCW respectively.
The reference ecosystem map was utilized to assess the influence of land use on
the distribution of forest cover in each ELU. Assuming that the LTCW was 100%
forested in 1802, the reference ecosystem map represents the potential distribution of
natural forest vegetation based on physiographic and soil variables. The percent of forest
cover was not consistent between ELUs, and particular ecosystems had below average
forest cover. The WD-BU ecosystem was the largest ecosystem in LTCW, which made
up 58% of the study area, but it was only 8% forested (Fig. 10, Table 16). However, due
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to its size the WD-BU ecosystem contained more forest than any other ELU. The
predominant land cover type in the WD-BU ecosystem was agriculture, which occupied
71% of its area. The PD-BU ecosystem followed a similar pattern, although it was only
6% forested (Table 16). The D-NRT and W-BFP ecosystems also had below average
forest cover, at 39% and 26% of their area in forest cover, respectively. These two ELUs
had a more uniform range of land cover types compared to the upland ecosystems, which
were dominated by agriculture. The M-NRB and mesic slope (MS, DMS) ecosystems
were predominately forested, ranging between 61% and 66% of forest cover. The DS
and MDS ecosystems had the greatest forest cover of all the ELUs, with 78% and 89% of
their area covered by forest. The broad flat ecosystems were the most heavily deforested
in the LTCW, while the narrow flat and slope ecosystems were predominantly forested.

Gap Analysis for Biodiversity Protection
The current reserve system currently protects 980 ha, which is 5% of the entire
LTCW (Tables 17). The current reserve system is predominantly forested with 57% of
its land area in forest cover. The rest of the reserve network has an approximately equal
distribution of grassland and shrubland cover types, which are either recovering from past
agricultural land use or are being maintained for wildlife habitat (Fig. 12, Table 17).
The gap analysis results based on the current reserve boundaries and the 1990
land cover type map revealed that the relative proportion of forest cover in each ELU
represented in the current reserve system varied between ecosystems. The amount of
forest protected in each ELU ranged from zero in the PD-BU ecosystem to 55% in the
MDS ecosystem (Fig. 11 and 12, Table 18). In the W-BFP, DMS, D-NRT, and MS
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ecosystems the reserve network represented between 25% and 30% of the 1990 forest
distribution in the LTCW. Generally, forested upland ecosystems had a low
representation in the reserve network, and the forested slope ecosystems had moderate to
high representation. Forests in the M-NRB ecosystem were also found in low abundance
in the reserve system with only 7% of its forest protected.
A 25% representation target of the 1990 forest cover in each ELU was used to
assess the level of forest ecosystem protection in the LTCW. The reserve network
adequately protected forest in six out of the nine ELUs using the 25% representation
target (Table 18). To meet the representation target would necessitate the addition of 271
ha to the reserve network. The WD-BU ecosystems would require the largest proportion
of acquisition at 199 forested hectares. The PD-BU and M-NRB would require
substantially less forested area to meet the target, with only 57 and 13 forest hectares
needed respectively.
To gain insight into a time when the forest ecosystems of the LTCW were more
intact, the reference ecosystem map was compared to the forest currently protected in
each ELU. The reference ecosystem map represents the potential natural distribution of
forest vegetation in the LTCW. To meet the 25% representation target of all the ELUs in
the reference ecosystem map would require the total acquisition of 4,976 ha (Table 19).
To meet the reference ecosystem representation target would require 18 times more forest
than what was required based on the 1990 forest distribution map. Of the area required,
2,866 ha would be needed in the WD-BU ecosystem and 1,042 ha would be needed in the
PD-BU ecosystem. Based on the 1990 forest distribution the W-BFP was adequately
protected, but when the reference ecosystem map was utilized 428 ha would need to be
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acquired to meet the 25% target. Smaller amounts of the M-NRB, D-NRT, MS, and DS
would also be needed to adequately protect forest in all the reference ecosystems.
After the amount of forest needed to meet the 25% target was determined, these
data were compared to the amount of unprotected forest in the in the LTCW (Table 18
and 19). To represent 25% of the forest that existed in the landscape in 1990 in all ELUs,
the PD-BU, WD-BU, and the M-NRB ecosystems would need to acquire between 20%
and 25% of the of the remaining unprotected forest (Table 18). In contrast, the upland
ELUs would need to protect more forest than existed in 1990 in these ecosystems to meet
the higher reference ecosystem targets. Three times more forest would be required in the
WD-BU ecosystem, while the PD-BU ecosystem would require the acquisition of four
and a half times more forest than existed in these ELUs in 1990 (Table 19). Substantial
forest acquisition would also be required in the W-BFP, D-NRT, and the M-NRB
ecosystems, ranging from 94% to 34% of the forest that existed in 1990.
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DISCUSSION
Ecological Land Unit Classification System
The LTCW ELU classification integrates a unique set of environmental factors
that were found to be important in predicting the distribution of mature canopy tree
species. Although no known ecological classification system has been developed in the
Central Till Plain Ecoregion, classification systems have been developed for the nearest
U.S. National Forests (Van Kley et al. 1995, Hix and Pearcy 1997). Ecological
classification systems have been used to assess species and ecosystem diversity, and to
guide restoration of disturbed ecosystems (Lapin and Barnes 1995, Palik et al. 2000).
Although this study employed a slightly different methodology than the previously cited
studies, it is similar in that it is based on a hierarchical framework of ELUs.

Multifactor Classification
Landform, slope, and drainage were the most important variables related with
distribution of canopy tree species in the LTCW (Table 2). These results are consistent
with other vegetation studies in the Central Till Plain Ecoregion. In southwestern Ohio,
DeMars and Runkle (1992) found that forest composition was most strongly correlated
with soil moisture, which was highly correlated with topographic position. In
northwestern Ohio, an old growth remnant of the Black Swamp was studied to determine
forest type distribution in relation to soil factors (Boerner and Do-Soon Cho 1987).
Ordination analysis separated the forest vegetation into three groups corresponding to soil

46

drainage classes. American elm and black ash dominated poorly drained soils, while
better-drained sites were dominated by beech and sugar maple.
The environmental variables accounted for 64% of the variation in canopy tree
distribution for the first DCA axis and 32% for the second DCA axis (Table 2). In other
ecological classification systems and local vegetation studies, the amount of canopy tree
species variation explained appears to be similar to these values. It is difficult to make
comparisons between this study and other ecological classification studies because a
majority of them use canonical correspondence analysis (CCA) to determine vegetationsite relationships. In southeastern Ohio in the Wayne National Forest, Hix and Pearcy
(1997) found that 52.5% of variance in canopy tree species were explained by
physiographic and soil variables using canonical correspondence analysis (CCA). In the
Blue Ridge Mountain province in North Carolina, Hutto et al. (1999) determined that
41% of the variation in the canopy tree species was explained by environmental variables
using CCA. To examine ground layer variation in an old growth woodlot in
southwestern Ohio, DeMars and Runkle (1992) developed a model of environmental
variables using DECORANA and stepwise regression that accounted for 70% of species
variation. In southeastern Ohio, Runkle and Whitney (1987) developed a model of
environmental variables using DECORANA and stepwise regression that explained 82%
canopy tree species variation.
There are many possible reasons for the unexplained variation of canopy tree
species in the LTCW. First, ground flora ecological species groups are commonly
included in ecological classification systems, because they are better indicators of
environmental gradients than canopy tree species (Hix and Pearcy 1997). Ground flora
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was not sampled in this study due to time limitations. Secondly, the canopy tree
composition of some of the sample stands may have been influenced by human
disturbance. A number of sample stands have experienced moderate levels of human
disturbance in the past such as livestock grazing and selective harvesting. Although these
disturbances were not within the recent history of the stand development, they most likely
have had some influence on the composition of the sample stands (Ramsey-Gassert and
Runkle 1992). Finally, important variables determining the distribution of canopy trees
may not have been measured.
Although only a moderate amount of the variation in vegetation distribution was
explained by the physiographic and soil variables, the MRPP results, the comparison of
ELUs with the TWINSPAN communities, and the DECORANA ordination of sample
stands provides an indication that the ELUs can be identified by the canopy tree
composition. The MRPP results showed that of the 36 possible combinations of ELUs,
30 had significantly different (P < 0.05) canopy tree composition. These results are
comparable to the ecosystem classification in the Wayne National Forest, southeastern
Ohio, which found that 20 of 45 possible comparisons were significantly different (Hix
and Pearcy 1997). The ELU’s capacity to predict the TWINSPAN communities varied.
The D-NRT and W-BFP ecosystems had the lowest variation of community types, while
the WD-BU had a high variation of community types (Table 11). Although multiple
community types were found in a particular ELU, they had a tendency to be similar
communities. For example, the slope ecosystems varied between the Q. rubra / Q. alba –
C. ovata community and the mixed mesophytic community. In southeastern Ohio, Hix
and Pearcy (1997) also found that multiple communities could be found within particular
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ecosystems. Kupfer and Franklin (2000) also found that multiple community types often
occurred in a particular ecological land type in an ecological classification system in
western Tennessee. They speculated that the lack of a strong relationship may be due to
past land use and microclimatic differences that exist within ecological land types, or that
defined variable classes simply do not reflect changes in vegetation. It is likely that
similar factors have influenced the ability of ELUs in the LTCW to predict the
distribution of canopy trees. The DECORANA ordination of the sample stands coded by
ELU depicted a fairly good separation between the difference ecosystem types. In
general, the uplands and bottomland ecosystems had distinct vegetation composition.
The dry and mesic slope ecosystems overlapped in ordination space, however a distinct
trend from dry to mesic site conditions was present on DCA axis one.
Due to the amount of unexplained variation, the variables included in the ELU
classification are only an indication of broad scale patterns in the landscape. For
conservation planning in this study, general patterns of potential natural vegetation at the
landscape scale are acceptable to gain a proportionate representation of forest in each
land unit in the reserve system.

Regional Perspective
To put conservation planning in the LTCW in a larger geographic context it is
necessary to compare the LTCW ELU classification to regional forest community
classification systems. The LTCW ELUs were compared to forest alliances
(diagnostic/dominant species of the uppermost stratum) in the Plant Communities of the
Midwest, U.S. National Vegetation Classification System (USNVC) (Faber-Langendoen
2001), and The Natural Vegetation of Ohio in the Pioneer Days (Gordon 1968) (Table
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20). The USNVC is a single-factor system based on existing natural vegetation
(Grossman et al. 1998). The composition of Gordon’s (1968) forest types are based on
witness tree species from the original land survey records and published literature
(Gordon 1968). The comparison of the LTCW forest communities and the ELU
classification indicated that in the larger ecosystems many forest community types
existed. Therefore, when the LTCW ELU classification was compared to regional forest
community classifications, in some instances multiple communities were found (Table
11).
The W-BFP was found to be similar to Faber-Langendoen’s (2001) description
of the A. saccharinum – U. americana – (P. deltoides) Temporally Flooded Forest
Alliance and the P. deltoides – Salix nigra Temporally Flooded Forest Alliance (Table
21). Although, neither of the two communities was a close match to the W-BPF
ecosystem, which had a high percentage of P. occidentalis and P. deltoides (Table 10),
based on the composition of individual sample stands it is likely that these two
communities are found in this ELU. The W-BFP was comparable to Gordon’s (1968)
broadly classified Bottomland Hardwood Forest Type, in which he notes many
community types exist.
The MS and M-NRB were similar to the L. tulipifera – Tilia americana var.
heterophylla – Aesculus flava – A. saccharum / Magnolia tripetala Forest Alliance of the
USNVC and to Gordon’s Mixed Mesophytic Forest Type with a few notable exceptions.
The mixed mesophytic community type has commonly been used to describe forest
stands on mesic slopes and steep ravines in the eastern unglaciated section of Ohio and
for this reason M. tripetala, Acer rubrum and A. flava were not found in the LTCW.
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However, the mesic ecosystems in the LTCW did contain a variety of similar species
such as L. tulipifera, T. americana var. americana, P. serotina, A. glabra , Q. alba, and
Q. rubra, which distinguishes these ELUs from the Beech – Sugar Maple Forest Alliance
(Table 10 and 11). The M-NRB contained a relatively high percentage of P. occidentalis
in the overstory and abundance A. glabra in the understory indicating its higher moisture
availability. Braun (1950) described Mixed Mesophytic Forest Region as being made up
of 20 to 25 species with no one species being dominant. The LTCW MS ecosystem was
not as diverse, with only 15 species ≥ 1% of the ELU, but no one species dominated these
ecosystems (Table 10). Braun (1950) notes that where there is considerable relief in the
Beech – Maple Forest Region patches of mixed mesophytic forest have been established
in the glaciated area.
The forest composition of WD-BU ecosystem is very similar to FaberLangendoen’s (2001) and Gordon’s (1968) description of the F. grandifolia - A.
saccharum association. In the WD-BU ecosystem F. grandifolia and A. saccharum make
up 43% of the canopy trees, with F. americana also present in a high percentage (Table
10). F. grandifolia was found in ≥ 10% in 67% of the sample stands in the WD-BU
ecosystem. The percentage of F. grandifolia in the WD-BU is lower than studies cited
by Gordon in his description of the community. F. americana appears to make up the
difference and was found in almost equal abundance to F. grandifolia in the WD-BU.
The decrease in F. grandifolia and increase of F. americana in the WD-BU ecosystem
may be in part due to past human disturbance. When the ELU classification was
compared to the LTCW forest communities (Table 12) the WD-BU ecosystem contained
five forest community types, with 31% of the sample stands in the F. grandifolia - A.
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saccharum community type (Table 12). This provides some indication of the variation of
community types that were found in the WD-BU, which could be due to environmental
gradients not measured or to past human disturbance.
The forest composition of PD-BU ecosystem was similar to Faber-Langendoen’s
(2001) description of the Acer (rubrum, saccharinum) – Fraxinus spp. – U. americana
Forest Alliance and the Quercus palustris – Q. bicolor Mixed Hardwood Forest Alliance
with a few exceptions. A. rubra was found in very low percentages in the PD-BU
ecosystem, but the Fraxinus spp. was the most abundant species in this ELU (Table 10).
U. americana was found in low abundance in the canopy, but made up 17% of the
understory. U. americana was most likely a dominant species in the PD-BU before the
introduction of Dutch elm disease (Faber-Langendoen 2001). Q. palustris, Q. biocolor,
and Q. macrocarpa collectively made up 25% of the PD-BU ecosystem, which provides
some indication that a proportion of the sample stands were the Quercus palustris – Q.
bicolor Mixed Hardwood Forest Alliance. Gordon’s (1968) description of the Elm – Ash
Swamp Forest type relates the forest community composition to a drainage gradient. The
wettest phases of this forest type were dominated by elm, white ash, and silver maple,
and with better-drained phases dominated by a swamp oak-hickory type (Gordon 1968).
Gordon (1968) speculated that the swamp oak-hickory type had been altered from its
original composition by selective cutting, grazing, and artificial drainage.
The D-NRT and DS ecosystems were very similar to Faber-Langendoen’s (2001)
description of the Q. alba / Q. rubra – C. ovata Glaciated Forest Alliance and Gordon’s
description of the Oak – Hickory association. Q. rubra and Q. alba collectively make up
48% of the D-NRT ecosystem and 39% of the DS ecosystem, with
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Carya ovata as a

codominant in both ELUs. Quercus velutina was found in low abundance on both sites.
The percentage of A. saccharum was lower in these two ELUs then in all other
ecosystems with the exception of the PD-BU ecosystem.
The MDS ecosystem was more similar to Gordon’s description of the Oak –
Sugar Maple association than the Oak – Hickory association. Q. rubra and Q. alba were
the dominant species in the MDS ecosystem. However, C. ovata was found in lower
abundance and A. saccharum was found in higher abundance in the MDS ecosystem.

Reference Ecosystem Map Accuracy
ELUs were mapped in GIS using the variables identified in the LTCW ELU
classification system as significantly influencing mature forest distribution. The
reference ecosystem map depicts the relationship between physiography, soils, and
potential natural vegetation, establishing a baseline of factors that influence the
development and distribution of vegetation in landscape.
The accuracy of the resulting ecosystem reference map in predicting the
distribution of mature forest vegetation has not been assessed in the field. The samples
stands cover 15% of the forest in the LTCW and probably make up most of the late
successional forest vegetation in the watershed. A majority of the forest cover in the
LTCW is in a state of recovery from past anthropogenic disturbance. The forest
composition of the ELUs is not likely to be a good indicator of disturbed forest stands,
although in some instances tree species characteristic of particular ecosystems may be
present. As previously discussed the result from the comparison between the LTCW
TWINSPAN communities and the ELUs provides some indication of the predictive
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accuracy of the reference ecosystem map (Table 11). For example the W-BFP and DNRT ecosystems were the most consistent between the two classification types, while the
WD-BU had a relatively even distribution between five community types. It is likely that
the reference ecosystem map would have a higher accuracy predicting the composition of
mature forest vegetation in the W-BFP and D-NRT ecosystems.
In the literature the accuracy of predictive vegetation mapping studies using GIS
technology ranges in accuracy. Kupfer and Franklin (2000) evaluated an ecological
classification system in western Tennessee and found that the ecosystem classification
imperfectly captured patterns of overstory community composition. There was a poor
one-to-one relationship between overstory community types and ecological land types
(Kupfer and Franklin 2000). However, ecological land types were generally related to
broad species groups. Palik et al. (2000) developed a reference ecosystem map in
southwest Georgia and found that the misclassification rate from a cross-validation
analysis was 21% for all the ecosystems. Bolstad et al. (1998) developed predictive
vegetation maps using four different methods and digital terrain data at a 30 m and 80 m
resolution. Cross validation of withheld test plots determined that the log-linear model at
a 30 m resolution correctly predicted the overstory vegetation 57% of the time. At the
Edge of Appalachia preserve in southern Ohio, Strittholt and Boerner (1995) constructed
a plant community map that was ground-truthed in the field using 200 sample sites. The
plant community map correctly predicted the presence of community indicator species
90% of the time. Iverson et al. (1997) developed an integrated moisture index (IMI)
model in GIS to predict the density of Quercus spp., L. tulipifera, and Prunus serotina in
an experimental forest in southeastern Ohio. Result from 24 test plots showed that the
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IMI model was significantly related to the proportion Quercus spp., L. tulipifera, and P.
serotina stems. These studies provide an indication of the general accuracy of the
LTCW reference ecosystem map’s ability to predict canopy tree distribution.

Ecological Land Unit Assessment
Ecosystem Diversity
The reference ecosystem map provides information on ecosystem heterogeneity in
LTCW (Lapin and Barnes 1995). The number and size of ELUs within a given area in
the landscape provide some evidence of local differences in ecosystem heterogeneity
(Lapin and Barnes 1995). In the LTCW, areas with considerable relief tend to have a
number of small closely grouped ELUs (Fig. 8). In contrast, the broad flat uplands
contained the two largest, most expansive ecosystems, making up 79% of the LTCW.
These landform patterns were largely formed by the Wisconsin glacier 11,000 to 14,000
years ago. Similar results were obtained on the south shore of Lake Huron in which two
ecosystems made up a majority of the study area, and the highest diversity of ecosystems
was found along a stream corridor (Lapin and Barnes 1995). In western Georgia, Palik
et al. (2000) also found that three ecosystem made up 75% of their 11,400 ha study area.

Changes in Forest Composition
Although no major tree species have been eliminated from the LTCW completely,
the current forest composition of particular ecosystems was notably different from
presettlement times. The DS ecosystem current forest composition had a PS of 39.9%
with the presettlement forest composition. The potential reason for this low similarity
between forest periods is the relatively few witness trees recorded in this ecosystem,
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leading to A. saccharum dominating the presettlement composition. The current forest
composition of the W-BFP ecosystem had a PS of only 25.5% with the presettlement
forest in this ELU. In the W-BFP ecosystem the three dominant species, P. occidentalis,
P. deltoides, and A. saccharinum, in the current forest were absent or nearly absent from
the presettlement forest. The presettlement floodplain ecosystem had an even distribution
of tree species, and relatively high proportions of F. grandifolia and A. saccharum (Table
14). Forest community types in the W-BFP found on sites with a higher elevation and
better drainages most probably have been cleared and converted to agriculture. The 1990
forest distribution in the W-BFP ecosystem tends to be clustered around the stream
channels, which are more frequently flooded (Fig 13). The composition of these forests
and their successional patterns are influenced by the deposition and erosion of these
hydrologic events (Hodges 1997). Hodges (1997) recognizes three natural patterns of
succession on floodplain ecosystems: those occurring on permanently flooded sites, those
on low elevation wet sites, and those on sites with a higher elevation and better drainage.
In bottomland forest, Gordon (1968) identifies the existence of several primary forest
types rather than one association in southern Ohio. Those types applying to southwestern
Ohio are beech – white oak, beech – sugar maple, and beech – elm – ash – Ohio buckeye.
The diversity of forest communities in the W-BFP ecosystem in the LTCW has been
decreased through the conversion of sites with a higher elevation and better drainage to
agriculture.
In the WD-BU ecosystem the current forest composition had the highest PS of all
the ELUs at 69% with the presettlement forest composition. F. grandifolia and A.
saccharum were the dominant species in both time periods. The current forest

56

composition of the WD-BU contained F. grandifolia at ≥ 10% of the relative density in
67% of the sample stands. This strong similarity between the forests in these time
periods provides further evidence that a majority of the late successional forest stands
sampled in the WD-BU have never been completely cleared.
However, in general F. grandifolia has decreased in density in all the ELUs from
presettlement times and A. saccharum and F. americana have increased.
F. grandifolia has decreased from an average relative density of 18.9% in the six
presettlement ELUs to 9.8% in the current mature forest in the same ecosystems. In the
understory it was found at average densities of 4.6% in all the ELUs in the LTCW (Table
10). It is likely that F. grandifolia is not replacing itself in the canopy. In the Central
Till Plain Ecoregion other researchers have documented similar declines in F. grandifolia
(Runkle 2000, Forrester and Runkle 2001). In contrast, F. americana has increased in
the current forest in all the ELUs from presettlement times. In the current forest of the
WD-BU and MS ecosystems A. saccharum increased in density from the presettlement
forest. A. saccharum also dominated the forest understory in all the ELUs, with the
exception of the W-BFP ecosystem. Leitner et al. (1991) documented a similar increase
in A. saccharum and F. americana in southern Wisconsin.
Many researchers have documented a general decline in Quercus spp. in the
Midwest (Leitner et al. 1991, Fralish et al. 1991). In the current LTCW forest there has
been a general increase in Quercus spp. compared to the presettlement forest, with the
exception of Q. alba, which has remained at relatively the same density. Nowacki and
Abrams (1991) found a similar in increase in Quercus spp. when comparing the current
forest composition to the presettlement conditions in central Pennsylvania. However, all
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Quercus spp. were found in low densities in the understory of all the ELUs. The increase
in Quercus spp. in the forest canopy from presettlement times may be due to past clearing
and disturbance, which favors shade intolerant tree species.

Land Use Relationships with the Ecological Land Units
In the LTCW the WD-BU, PD-BU, D-NRT, and W-BFP ecosystems had below
average forest cover (Table 16, Fig. 9). This pattern indicates that the D-NRT, W-BFP,
and upland ecosystems were selectively deforested. All of these ELUs have
environmental characteristic (flat to gently rolling and with relatively high TWHC) that
make them ideal for agriculture (Table 6). The D-NRT ecosystem is the exception, with
a higher average slope and curvature, and a lower average flow accumulation and
TWHC. In 1990, the D-NRT ecosystem had the highest proportion of the shrubland and
grassland land cover types, possible indicating that some areas within this ELU have been
grazed by livestock or farmed in row crops and were now abandoned.
The pattern of deforestation in the LTCW is similar to the results reported in other
agricultural landscapes. In south central Wisconsin, Leitner et al. (1991) found that broad
ridges and upper slopes (uplands < 3% slope) and mesic slopes in 1978 were significantly
below the average forest cover for the area. In contrast to the LTCW, poorly drained and
bottomland site types had significantly greater forest cover than the average. The PD-BU
ecosystem in the LTCW had the lowest percent of forest cover in the watershed. It is
likely that a majority of the PD-BU ecosystem has been artificially drained. In the
Charles Deam Wilderness in southern Indiana, the land cover distribution in 1939 was
similar to the LTCW watershed (Jenkins and Parker 2000). As in the 1990 LTCW land
cover type distribution, the upland and bottomland areas in the Deam Wilderness in 1939
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were particularly deforested with only 42.4% and 20% of these land types in closed
canopy forest respectively. The slope land type had the highest percent of closed canopy
and open canopy forest in 1939, which provide some evidence that steeper slopes were
utilized for livestock grazing.
The similarity between the 1990 LTCW and 1939 Deam Wilderness land use
patterns and the change in forest cover in Montgomery County from 1942 to 1979
presents some evidence that the land cover in the W-BFP and upland ecosystems have
not changed much since 1939. Between 1942 and 1979 the forest cover in Montgomery
County, southwestern Ohio, remained between 0 –9.9%. This is in contrast to the Upland
Allegheny Plateau Ecoregion in southeastern Ohio that increased in forest cover since
1942. High quality farmland in southwestern Ohio is rarely abandoned, so it is unlikely
that the W-BFP and the upland ecosystems in the LTCW increased greatly in forest cover
since they were originally cleared. The mature forest sample stands constituted 15% of
the forest cover in the LTCW. A number of visited sample stands did not meet the
criteria to be included in the analysis because of selective logging (high grading in most
cases) and livestock grazing. Although a majority of the forest cover in the LTCW has
been influenced by past land use, it is probable that most present forest stands in the WBFP and upland ecosystems have not been completely cleared and have always been in a
forested condition. As previously stated, an exception may be marginal land types such
as the D-NRT that were once in an agricultural land use and then abandoned.
The LTCW land use patterns have been influenced by physiography and soils.
Upland and bottomland ecosystems have been selectively deforested. This type of land
use pattern can be seen throughout the Midwest and Northeast (Foster 1992, Whitney
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1994). The pattern of existing forest vegetation strongly influences conservation
planning in these areas. In agricultural landscapes nature reserves tend to be centered on
small patches of intact late-successional vegetation.

Gap Analysis for Biodiversity Protection
The U.S. Gap Analysis program is being implemented nationwide at a regional
scale to identify areas high in biological diversity not currently protected within a reserve
system (Scott et al. 1993). Capturing the full range of diversity that exists in a planning
landscape requires the representation of all ecological communities in a reserve network.
Information from the Gap Analysis program is being used to prioritize conservation
planning (Kiester et al. 1996). This study used reference ELUs and current forest cover
in a gap analysis of a degraded landscape at a local scale. Conservation planning in
degraded agricultural landscapes requires information on the past, present, and the
potential natural distribution of forest vegetation to construct a comprehensive nature
reserve network.
The level of protection required within a planning landscape to maintain
biodiversity is an unresolved issue in the literature. Strittholt and Boerner (1995)
conducted a literature review to determine how much of each plant community should be
protected in a regional nature reserve network and found that a wide range of
representation levels have been proposed. World conservation organizations have
proposed a minimum target of 12% of land area throughout the world for preservation
(Strittholt and Boerner 1995). However, depending on the region the amount of natural
vegetation required to maintain ecosystem functions may differ. Poiani et al. (2000) put
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this issue into a geographic context, discussing the need to conserve biodiversity at
multiple scales of biological organization by protecting the associated ecological
processes. For example, functional landscapes are areas that preserve a number of
ecosystems within their natural range of variability. In agricultural landscapes this would
require the restoration of large tracts of matrix forest, which due to present economic and
social considerations may be impractical. For this study I used the intermediate
representation target of 25% that was established by Strittholt and Boerner (1995) for the
Edge of Appalachia preserve in south central Ohio. Even if this representation target was
meet, forest reserve network may not fully function for particular organisms that require
large tracts of interior forest because of the surrounding fragmented habitat that
dominates the region. However, representing the full range of ecosystems in the LTCW
will protect those organisms only requiring small patch habitats to persist. Attempting to
establish a reasonable representation target in a agricultural dominated landscape is
problematic because economic and social issues prohibit the establishment of a reserve
adequately large enough to completely restore ecosystem function.
The results of the gap analysis based on the forest distribution in 1990 in each
ELU determined that the WD-BU, PD-BU, and M-NRB ecosystems were below the 25%
representation target (Table 18). The distribution of forest cover in the LTCW has had a
strong influence on what ecosystems are currently protected in the reserve network.
Because the goal of the Five Rivers MetroParks is to protect and maintain biodiversity,
its land acquisition efforts have focused primarily on large intact late succession forest
communities. When the current nature reserve network in the LTCW is put in the context
of distribution of forest cover in 1990, it was found to be located on the largest
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contiguous patches of forest vegetation, which occur on the W-BFP and slope
ecosystems. The forest cover in the upland ecosystems is fragmented, having an average
forest patch size of 2.2 ha and only 18 forested stands ≥ 10 ha in size (Fig 14).
Conservation efforts have also focused on the acquisition of high quality late successional
forest. Although a complete assessment of the stand structure and composition of forest
stands in the LTCW has not been completed, it is probable that a majority of the high
quality late-successional forest occurs on the slope ecosystem. The slope ecosystems had
approximately two times more forest that met the mature forest sample stand criteria than
the upland ELUs. Similarly, in central Pennsylvania stand age was correlated with
percent slope and topographic position, indicating that the older stands were located on
steep, upper slopes (Nowacki and Abrams 1991). The land use patterns in the LTCW
have probably restricted most intact large late successional forest to slope ecosystems,
and in turn have limited land acquisition to these areas.
Due to the high diversity of ecosystems that occur on and around slopes, forest
cover in a majority of the ELUs has been protected proportionately in the LTCW reserve
network. Due to edge effects and invasive species encroachment, large tracts of matrix
forest need to be restored for these small patch ecosystems to remain functional in the
future (Poiani et al. 2000).
A more complete assessment of the current reserve network emerged from the gap
analysis results utilizing the reference ecosystem map, reflecting the degree to which the
gap analysis based on the 1990 forest cover was influenced by the deforestation pattern.
As in the gap analysis using the 1990 forest distribution data, the WD-BU and PD-BU
ecosystems were underrepresented in the current reserve network. However, 15 times
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more forest would be needed using the reference ecosystem map to meet the 25%
reference target. Also, meeting the representation target in the WD-BU and PD-BU
ecosystems would require three to four times more forest than existed in these ELUs in
1990. The reference ecosystem map coupled with the presettlement forest data provided
a better view of an intact floodplain ecosystem. Based on the 1990 forest cover
distribution the W-BFP was adequately represented in the reserve network, but by
utilizing the reference ecosystem map it was discovered that the reserve network
protected only 6% of the potential natural distribution of forest vegetation in the W-BFP
ecosystem. Meeting the representation target would require the acquisition of 94% of the
forest that existed in 1990. In landscape level gap analysis in southern Ohio, Strittholt
and Boerner (1995) similarly found that a gap analysis based only on current forest
distribution was influenced by the deforestation patterns. Using the current forest
distribution, all plant communities were adequately protected, but when a presettlement
plant community map was used the bottomland plant community was not adequately
represented (Strittholt and Boerner 1995). The gap analysis results reflect the degree to
which deforestation patterns influence the results of gap analysis, and illustrates that the
nature reserve network in the LTCW generally protects forest on the slope ecosystems.
As in the LTCW, nature reserves in the United States tend to be found on poorer sites that
are marginal for other land use. An assessment of nature reserves across a range of
elevations and soil gradients throughout the United States found that a majority of nature
reserves are located at higher elevations and on less productive soils (Scott et al. 2001).
More productive areas tend to be in private ownership and already converted to urban or
agricultural uses.
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CONSERVATION PLANNING RECOMMENDATIONS
Land acquisition and restoration of unprotected forest ecosystems will be required
to develop a comprehensive nature reserve network. It is estimated that 85 – 90% of
species can be protected by adequately representing ecosystems with their natural range
of variability without focusing on individual species (Scott 1993). The practicality of
this approach is arguably the only way to conserve the overwhelming mass of existing
biodiversity (Franklin 1993, Anderson et al. 1999).
In order to meet the representation target in the upland ecosystems utilizing the
reference ecosystem map three to four times more forest would be required than existed
in 1990. Given land use constraints in the LTCW, this target for the upland ecosystem
will most likely never be met. However, the reference ecosystem map does provide a
better representation of a functioning landscape by depicting the potential distribution of
natural vegetation. It is not influenced by the deforestation of particular ecosystems, and
in turn provides better information on the level of protection for each forest ecosystem,
which can be used to prioritize acquisition. Using the reference ecosystem map, seven of
the nine ecosystems were underrepresented (Table 19).
In both analyses, the upland ecosystems had the lowest representation of forest in
the reserve network, indicating that land acquisition and restoration of these ecosystems
should be the first priority in the LTCW conservation plan. In the WD-BU ecosystem the
current reserve network contained 220 ha of the grassland and shrubland land cover types
in 1990 (Fig. 12, Table 17). To allow these areas in the WD-BU ecosystem to succeed
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into forest vegetation would meet the 25% representation target based on 1990 forest
distribution. A second option would be the acquisition or easement of forest in the WDBU ecosystem. In the WD-BU ecosystem it would require the largest 16 forest stands to
meet the representation target (Fig. 13 and14). In the PD-BU ecosystem the current
reserve system contains 6 ha of grassland and shrubland. To meet the representation
target in this ELU, 14 of the largest forest stands would need to be acquired. The
highest concentration of current forest cover in the WD-BU ecosystem is in the southern
portion of the LTCW, while the highest concentration of current forest cover in the PDBU ecosystem is located in the northern portion of the watershed (Fig. 13). Because
these forest ecosystems are not evenly distributed through out a planning landscape,
nodes within the reserve network may need to be established to capture the full range of
diversity in the LTCW (Noss and Harris 1986). Acquisition efforts may need to target
high quality forest stands in both the northern and southern portion of the LTCW to
represent the upland ecosystems. Forested corridors along Tom’s Run and Little Twin
Creek could connect reserve nodes, facilitating the dispersal of particular organisms (Fig.
15).
Based on the reference ecosystem map, forests in the WD-BU ecosystem had the
third lowest representation in the LTCW. To meet the acquisition target based on the
reference ecosystem map would require 94% of the forest that existed in 1990. As
previously discussed the composition of the W-BFP ecosystem may not reflect the
diversity of forest communities that were present in the presettlement landscape (Fig 13).
Conservation efforts should attempt to acquire a full range of site types in the W-BFP
ecosystem in hopes of restoring the diversity of community types that previously existed.
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The final priority would be the acquisition and restoration of small patch
ecosystems that usually occurred in < 1 ha. The D-NRT and M-NRB ecosystems are
dispersed throughout the southern portion of the watershed, and could be acquired in
conjunction with other slope ecosystems. The representation target for these ecosystems
could be met by the acquisition of forest stands with a variety of topographic positions.
Due to the fragmentation in the upland and W-BFP ecosystems the most viable
option is the restoration of the forest surrounding a cluster of forest stands. Existing
forest patches are dispersed relatively evenly throughout the upland ecosystems (Fig. 13).
To meet the representation target it is impractical to try to acquire all the forest patches
scattered throughout the watershed. Therefore, restoration of agricultural fields to a
forested condition is an important component in developing a nature reserve network that
represents all forest ecosystems.
The results from the gap analysis are one consideration from which to prioritize
forest acquisition and restoration efforts in the LTCW. Additional landscape and stand
level considerations should be integrated into the prioritization scheme. Fragmentation is
hypothesized to negatively affect particular species sensitive to landscape level effects
such as edge effects and habitat patch isolation. Fragmentation is the change in the
spatial arrangement of forest patches in the landscape and is most commonly associated
with the decreased size of forest patches and their isolation in the landscape (Noss 1997,
Haila 2002). In the Central Till Plain Ecoregion most of forest stands are less than 100
ha (Ricketts et al. 1999). In the upland ecosystems in the LTCW only 18 forest stands
are ≥ 10 ha in size and the average forest patch size is 2.2 ha (Fig 14). Larger forest
stands with less edge to interior ratio would have a higher priority for acquisition. A
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second consideration would be the condition of the composition and structure of a forest
stand (Keddy and Drummond 1996, Noss 1999, Poiani et al. 2000). High quality stands
can be identified as having a diversity of species that are indicative of late successional
stands, and being structural complex, having a multiple strata and a number of key
structural features such as snags and down logs (Noss 1999).
The development of a decision analysis framework may be required to objectively
prioritize forest acquisition and restoration efforts in the LTCW (Cipollini et al. in
preparation). A decision analysis framework provides the means to integrate the gap
analysis results with landscape and stand level considerations.
Although the upland matrix forest may have lower species richness and is
relatively common, restoring portions of the matrix forest may be the key to the longterm maintenance of biological diversity in the LTCW (Poiani et al. 2000).
Consolidation of forested areas in the upland matrix ecosystem through active restoration
efforts will increase forest patch size, reducing fragmentation effects. To restore the
upland matrix Beech / Sugar Maple forest will require engaging the private sector and
developing a network of conservation easements throughout the watershed. Due to
limited conservation funding, acquisition alone most likely will not be able restore large
portions of upland matrix forest. By engaging the private sector through conservation
easements and other conservation incentives, such as cost sharing programs, buffer zones
of low human use can be established around the existing and newly acquired portions of
the reserve network.
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Fig. 1. LTCW Study Area located in southwestern Montgomery County, in southwestern
Ohio. MetroPark reserves in order from east to west are Twin Creek, Germantown, and
the Markey Farm.
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Fig. 2. The distribution of the 267 forest sample stands in the LTCW study area.
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Fig. 3. Relationship between the size (ha) and the number of sample points established in a
forest sample stand.
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Fig. 4. A flow diagram of the classification, mapping, and application of ELUs in a biodiversity GAP analysis of the
LTCW, southwestern Ohio. a Multiresponse permutation procedure (MRPP)
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Fig. 5. Modified dendrogram showing the results of a cluster analysis of 267 sample stands in the LTCW,
southwestern Ohio. Ward’s agglomeration method was used to classify the sample stands based on the
similarity of the Euclidean distance (shown at left) of five most significant physiographic and soil variables. The
five most significant variables are LF, landform; DR, drainage; SL, slope; CV, Curvature; HS, hillshade. The
abbreviations for ELU can be found in table 5.
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Fig 6. DCA ordination of 26 canopy tree species in the LTCW, southwestern Ohio.
Table 12 contains the scientific names for the species codes used in the figure.
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Fig. 7. DCA ordination of 267 sample stands in the LTCW, southwestern Ohio. Sample stands
are coded by ELU and their abbreviations are explained in table 2.
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Fig. 8. The distribution of ecological land units in the LTCW,
southwestern Ohio.
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Fig. 9. The distribution of land cover types in the LTCW,
southwestern Ohio.
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Fig. 11. The distribution of ecological land units in the LTCW reserve network.
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Fig. 12. The distribution of land cover types in the LTCW reserve network.
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Fig. 13. The distribution of forest cover in the W-BFP, PD-BU, and the
WD-BU ecosystems overlaid onto the reference ecosystem map. The
reference ecosystem map represents the potential natural distribution
of the ELUs.
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Fig. 14. The distribution of upland ecosystem forest by patch size in
relation to the LTCW nature reserve network, in southwestern Ohio
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Table 1. Physiographic and soil variable classes.
Variable Class
Range
Landform
1 Alluvium soil and < 15% slope
2 < 15% slope and 55.0 – 100
3 > 15% slope
4 < 15% slope and not BL, RB, or RT
5 < 15% slope and 0 – 44.9

Comments
Broad Floodplain (FP)
Narrow Ravine bottom (RB)
Slope (S)
Broad Upland (UP)
Ridge Top (RT)

Drainage

1
2
3
4
5

Very Poor
Poor
Moderately Poor
Moderately Well
Well

Slope

1
2
3

0 – 14.9%
15.0 – 29.9%
≥ 30.0%

Flat to gentle slope
Gentle to steep slope
Steep to very step

Curvature

1
2
3

0 – 44.9
45.0 – 54.9
55.0 - 100

Concave
Linear
Convex

Hillshade

1
2
3

0 – 54.9
55.0 – 74.9
75.0 - 100

Shaded – Northeast facing
Moderate shade
Exposed – Southwest facing

TWHCa

1
2
3
4

0 – 2.667
2.668 – 5.334
5.335 – 8.0
8.0 – 17.0

Low available moisture
High available moisture

Flowb

1 0 – 4.9
2 5.0 – 9.9
3 10.0 – 14.9
4 15.0 – 19.9
5 20.0 – 24.9
6 25.0 – 100
a
Notes: TWHC, Total Water Hold Capacity
b
Flow Accumulation
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Low Flow

High Flow

Table 2. Physiographic and soil variables found significant using stepwise
regression. R2 – values are for cumulative model based on given variable and
preceding ones. P – values is for variable when it was added to the model.
Axis
Variable
R2
P – value
1
Landform
0.3482
<0.0001
1
Slope
0.5929
<0.0001
1
Hillshade
0.6125
0.0001
1
TWHC*
0.6311
0.0003
1
Curvature
0.6414
0.0066
2
Drainage
0.2405
<0.0001
2
Curvature
0.3159
<0.0001
Notes: P – value is reported as significant when variable added to model
* TWHC; Total Water Holding Capacity

Table 3. Stepwise regression equation for six physiographic and soil variables and
forest stand axis scores.
DCA Axis One = 513.6 - 19.5 curvature - 50.6 slope - 19.2 hillshade - 72.1 landform
+ 26.2 TWHC
DCA Axis Two = 177.5 + 31.4 curvature - 23.3 drainage

Table 4. Spearman’s correlation coefficients (r) and P-values of physiographic and
soils variables for 267 sample stands in the Lower Twin Creek Watershed,
southwestern Ohio.
Slope Hillshade Landform Drainage
TWHC
Curvature Flow
Slope
1.000
-0.300
-0.413
0.563
-0.604
-0.082
0.064
< 0.001
< 0.001 < 0.001
< 0.001
0.180
0.301
Hillshade
1.000
0.074
-0.164
0.233
0.170
-0.061
0.226
0.007
< 0.001
0.006
0.323
Landform
1.000
-0.627
0.393
0.273
-0.340
< 0.001
< 0.001
< 0.001 < 0.001
Drainage
1.000
-0.673
-0.074
-0.045
< 0.001
0.226
0.468
TWHC
1.000
0.190
0.038
0.002
0.538
Curvature
1.000
-0.450
< 0.001
Flow
1.000
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Table 5. Multifactor classification of ecological land units in the Lower Twin Creek Watershed. The most
distinctive two canopy tree species or group of species is given for each ecosystem.
1. Nearly level to moderately sloping (< 15%)
A. Bottomlands
Wet broad floodplains (W-BFP); Platanus occidentalis - Populus deltoides / Acer saccharinum
Mesic narrow ravine bottoms (M-NRB); Liriodendron tulipifera - Platanus occidentalis
B. Uplands
Dry narrow ridge tops (D-NRT); Quercus spp. – Carya ovata
Well to moderately well drained broad uplands (WD-BU); Fagus grandifolia - Acer saccharum
Poorly drained broad uplands (PD-BU) Mixed Oak Swamp
2. Moderate to steeply sloping (≥ 15%)
A. Northeastern shaded slopes (Hillshade 0 - 54.9)
Mesic slopes (MS); Mixed Mesophytic
Mesic – Dry slopes (MDS); Quercus spp. – Acer saccharum
B. Southwestern moderate to highly exposed slopes (Hillshade 55.0 - 100)
Dry – mesic slopes (DMS); Fraxinus americana – Acer saccharum
Dry slopes (DS); Quercus spp. – Carya ovata
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Table 6. Physiographic and soil variables for ELUs in the LTCW in Southwestern Ohio.
Ecological Land Units
PD-BU
D-NRT
DS
DMS
MDS
MS
WD-BU
N

26

11

26

28

12

67

62

M-NRB

W-BFP

12

23

Landforma
UL
RT
S
S
S
S
UL
RB
b
Drainage
VP
W
W
W
W
W
MW
W
Slope (%) 3.18 ± 1.23 13.5 ± 0.49 35.3 ± 1.25 21.9 ± 1.12 31.6 ± 2.13 30.9 ± 0.97 4.49 ± 0.44 12.7 ± 0.42
Curvature 50.0 ± 0.13 56.3 ± 1.23 52.1 ± 0.69 47.8 ± 0.75 55.7 ± 0.62 47.9 ± 0.42 50.4 ± 0.12 46.3 ± 1.06
Hillshade 72.4 ± 1.00 60.0 ± 1.42 82.2 ± 1.80 76.4 ± 2.08 42.0 ± 5.44 38.1 ± 1.73 71.3 ± 0.42 68.2 ± 3.06
TWHCc
6.70 ± 0.17 3.22 ± 0.26 2.69 ± 0.16 2.86 ± 0.18 2.75 ± 0.23 2.64 ± 0.11 4.08 ± 0.10 3.20 ± 0.37
Flowd
13.0 ± 0.86 4.77 ± 1.00 10.3 ± 0.60 12.3 ± 0.78 7.36 ± 0.47 12.9 ± 0.40 10.9 ± 0.59 17.5 ± 1.81
Notes: ELUs related to continuous physiographic and soil data. Name for ELU codes are found in table 5.
Categorical variables are the median and continuous variables are the mean ± SE.
Values for curvature, hillshade, and flow accumulation are on a relative scale (see text).
a
Landform: FP, Floodplain; RB, ravine bottom; S, slopes; UL, Upland; RT, Ridge top
b
Drainage: VP, Very Poor; P, Poor; MP, moderately poor; MW, moderately well; W, well
c
TWHC: Total Water Holding Capacity
d
Flow: Flow accumulation
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FP
W
5.80 ± 0.62
48.9 ± 0.33
70.6 ± 0.99
4.01 ± 0.20
18.1 ± 1.01

Table 7. Percent of stands having a given physiographic and soil class variable by
ELU.
Ecological Land Units
PD-BU D-NRT DS DMS MDS MS WD-BU M-NRB W-BFP Total
Landform 1
4
100
9
2
100
4
3
100 100 100 100
50
4
96
9
100
33
5
91
4
Drainage 1
2
3
4
5

100

Slope

100

1
2
3

Curvature 1
2
3
Hillshade 1
2
3

100

100 100

100
12
88

100

100 100

18
82

25
75

46
54

34
39
27

100

4
96

100

100

100

50
22
28

100

42
58

17
83

18
71
11

90
10

17
50
33
67
33

40
60
39
61

100
67
33

100

67
33

84
16

10
90

1
8
82
8
17
2
19
9
19 39
83
3
42
9
69 57
4
31
4
4
5
a
Notes: TWHC, Total Water Hold Capacity
b
Flow Accumulation

1
13
80
6

26
27
37
6
3

TWHC

1
2
3
4

96
4

27
73

65
35

89
11

45
55

23
77

36
64

77
23

75
25

100

Flow
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10
0
8
9
73

25
42
33

91
9
13
83
4

9
52
26
13

30
51
19
48
42
10
0
12
24
52
10
2

Table 8. Average relative density (%) for canopy tree species of six TWINSPAN
forest communities in the LTCW, southwestern, Ohio. Species and communities
are ordered by TWINSPAN classification. Only species with a value ≥ 1% in a
least one community are listed. Scientific names for species codes are located in
table 21.
Community
Mixed
QURU /
Mixed
FAGR - LITU /
PLOC /
Quercus
QUAL Mesophytic ACSA
PLOC
PODE
Swamp
CAOV
N

22

86

82

QUBI
QUMA
QUPA

3.8
11.2
13.1

0.1
0.9
0.3

0.1
0.3

QUVE
CAOV
QUAL
QUMU
QURU

11.2
0.5
1.4
7.1

1.2
6.3
15.7
5.2
22.6

ACSA
CACO
FAGR
FRQU
LITU
PRSE
TIAM
FRAM
AEGL
CEOC
ULAM
ULRU
JUNI
PLOC
ACNE
PODE
ROPS
ACSA2

23

29

0.4
0.9

0.4
0.2

0.1
1.4
3.7
2.0
5.8

8.0
0.3
0.2
1.4

0.1
0.6
6.4
1.4
3.1

12.8
4.8
2.8
0.7
1.8
1.1
1.8
15.8

18.8
4.2
20.7
1.8
13.4
1.5
5.7
14.6

13.8
0.3
39.0
0.3
0.2
0.4
5.1
17.4

13.9
6.8
6.1
0.8
13.5
2.7
2.3
17.2

0.4
0.3
0.5
3.9

1.1

0.9
0.6
0.5
3.2

0.1
1.2
1.3
0.3
2.5

2.1
2.6
0.2
3.2

1.0
2.3
1.4
1.8
7.1

0.5
5.7
6.2
1.8
5.4

0.8

0.4

0.4

3.6

9.6
0.3
0.1
0.2
0.1

31.1
9.7
21.4
1.5
9.3

7.0
3.5
4.3
0.3
0.2
5.4
25.4
0.2
0.1

0.2
0.1
3.2
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25

0.1
0.1

0.8
0.3

Table 9. Average relative density (%) for canopy tree species of 9 ELUs in the LTCW,
southwestern Ohio. Species and ELUs listed by TWINSPAN groups. Only species
with a value ≥ 1% in a least one ELU are listed are listed. Scientific names for species
codes are located in table 21.
Ecological Land Units
PD - BU D - NRT DS MDS DMS MS WD - BU M - NRB W - BFP
N

26

QUBI
QUMA
QUPA

2.7
8.3
11.3

QUVE
CAOV
QUAL
QUMU
QURU

10.4
0.7
0.5
3.1

ACSA
CACO
FAGR
FRQU
LITU
PRSE
TIAM
FRAM

6.3
5.0
7.6
1.0
0.3
4.1
25.0

CEOC
ULAM
ULRU
JUNI

0.8
1.3
0.2
4.9

PLOC
ACNE
PODE
ROPS
ACSA2

3.3

11

3.3
6.1
24.1

26

12

28

67

62

0.3

0.4
2.1
0.7

12

23

0.2
0.7

1.0
2.9
17.2
3.8
20.9

0.5
1.5
4.5
3.5
9.5

0.7
1.3
7.2
4.3
9.9

5.7
2.6
1.1
9.5

2.3
9.8

24.3

0.3
8.5
17.7
6.6
20.9

9.2
9.1
5.4
0.8
1.4
0.7
2.7
8.5

9.3
5.4
3.7
2.0
4.8
2.5
2.4
13.1

14.4
4.5
7.7
0.3
5.3
1.5
3.8
13.1

17.8
5.7
11.5
0.6
7.7
1.3
4.2
17.2

16.4
3.9
9.9
0.9
13.7
1.9
4.3
14.4

17.6
2.3
25.9
0.8
1.3
0.9
3.5
19.4

12.5
4.5
6.2
1.9
19.2
1.0
1.1
10.9

2.3
3.7

0.9

0.8
0.3
0.6

2.9

2.8
0.9
0.7
6.3

1.5
2.3
0.8
3.9

1.1
1.2
0.4
2.2

0.7
0.9
0.8
5.5

5.7
4.7
2.0
3.4

0.5

0.3

1.9
0.3
0.3
0.4
0.1

1.5
0.1
0.1

1.1

14.9
0.4
2.1
0.2
0.6

31.1
10.2
22.0
1.4
9.8

1.2
1.5

0.2
0.2
2.5
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0.1

3.1
0.7
0.3
0.4

Table 10. Average relatively density (%) for understory seedlings and saplings of 9
ELUs in the LTCW, Montgomery County. Species and ELUs listed by TWINSPAN
groups. Only species with a value ≥ 1% in at least one ELU are listed. Scientific
names for species codes are located in table 21.
Ecological Land Units
PD-BU D-NRT DS
MDS DMS MS WD-BU M-NRB W-BFP

N

27

11

25

12

28

67

62

12

23

FRAM
QUMU
FAGR
QURU
CAOV
PRSE
QUAL

5.2
0.8
1.2
1.0
4.8
0.9

10.3

2.8

4.4
0.1
4.7
0.1
1.4
5.9
0.7

4.5

1.4
0.2

4.6

4.1

12.6
0.6

3.3
1.4
4.4
0.2
0.5
7.9
0.1

3.1

6.8
1.2
3.5
6.0
3.5

6.8
2.5
6.3
1.3
1.0
5.4
1.2

1.4
7.9

0.6
2.1

FRQU
CACO
ACSA
TIAM

1.1
11.6
36.2
1.6

1.6
4.4
59.9
1.1

2.1
5.2
56.8
2.6

9.4
5.5
57.2
0.7

5.6
9.3
55.5
0.5

2.9
6.0
49.3
1.4

2.7
5.3
60.0
0.7

10.6
4.2
50.2
0.2

AEGL
ULAM
ACRU
CEOC
ACNE
PLOC
ACSA2
ULRU

7.7
16.7
1.4
5.6
4.1

3.7
0.7

4.2
1.8

4.8
2.7

7.9
3.8

10.6
3.9

12.1
5.0

10.7
6.1

0.4

2.6
2.8

1.5
2.8

3.8
6.5
0.1
3.3
0.4

3.9
3.8

17.9
50.4
2.4
4.8
2.0

2.0
0.4

0.4
0.5

4.9
0.8

0.5
0.6

0.8

0.5

89

0.2

0.2

2.5

Table 11. Matrix comparing ELUs and TWINSPAN forest communities. See table 8 for community descriptions and
table 5 for explanation of ELU codes.
Ecological Land Units
Community
PD-BU D-NRT
DS
MDS
DMS
MS
WD-BU M-NRB W-BFP
N
N

26

Mixed Oak Swamp
QURU/QUAL - CAOV
Mixed Mesophytic
FAGR – ACSA
LITU / PLOC
PLOC / PODE

15
4
2
4
2

11

26

12

28

67

10
1

16
7

8
4

9
14

21
35

4
1

10
1

2

90

62
7
14
17
19
5

12

23

4
2
5
1

1
22

22
86
82
23
29
25

Table 12. Matrix of pairwise MRPP test for significant difference among ELUs of the LTCW, southwestern
Ohio. The upper right portion of the matrix compares the ELUs based on their canopy tree composition, while
the lower left corner is a comparison of the ELUs based on the understory tree species. The top line in each row
is the T-statistic (the ELUs are more similar the lower the value) and lower line is the P-value. The average
distance (Av. Dist.) is a measure of the variation of the composition within an ELU. The first value in the row is
based on the canopy tree data, while the second value is based on the understory tree data.
Ecological Land Units
PD-BU D-NRT
DS
MDS
DMS
MS
WD-BU M-NRB W-BFP Av. Dist.
0 - 13.18 - 15.13 - 8.872 - 9.839 - 20.58
- 12.69
- 9.201 - 23.52
0.493
PD-BU
0 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
< 0.001
< 0.001 < 0.001
0.613
D-NRT

- 4.777
0.003

0
0

- 0.509
0.248

- .5296
0.248

-7.836
< 0.001

- 9.746
< 0.001

- 11.23
< 0.001

- 5.694
< 0.001

- 16.27
< 0.001

0.442
0.363

DS

- 8.038
< 0.001

0.960
0.917

0
0

0.592
0.675

7.413
< 0.001

- 10.45
< 0.001

- 16.41
< 0.001

- 6.183
< 0.001

- 24.80
< 0.001

0.511
0.363

MDS

- 4.783
0.004

- 0.639
0.216

- 0.817
0.353

0
0

- .8334
0.177

- 1.463
0.086

- 5.086
0.001

- 2.611
0.019

- 15.29
< 0.001

0.586
0.432

DMS

- 7.122
< 0.001

- 0.916
0.159

- 0.537
0.225

0.931
0.847

0
0

- 0.832
0.390

- 4.967
0.002

- 2.954
0.011

-24.41
< 0.001

0.538
0.414

MS

- 8.858
< 0.001

- 1.000
0.143

- 1.712
0.066

- 0.445
0.255

0.492
0.618

0
0

- 18.67
< 0.001

- 2.651
0.020

- 40.82
< 0.001

0.489
0.447

WD-BU

- 9.995
< 0.001

- 1.376
0.094

- 1.376
0.097

- 0.295
0.282

- 1.292
0.102

- 4.686
0.003

0
0

- 9.177
< 0.001

- 37.80
< 0.001

0.515
0.422

W-NRB

-2.093
0.045

- 1.739
0.062

- 1.845
0.058

- 0.526
0.245

0.586
0.675

0.127
0.444

- 18.25
0.059

0
0

- 9.991
< 0.001

0.563
0.468

W-BFP

- 20.78
< 0.001

- 18.88
< 0.001

- 27.71
< 0.001

- 19.14
< 0.001

- 27.52
< 0.001

- 44.35
< 0.001

- 45.96
< 0.001

- 16.61
< 0.001

0
0

0.486
0.449
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Table 13. GIS operations and expressions used in Arc View Spatial Analyst to map ecological land units in the
Lower Twin Creek Watershed, southwestern Ohio. Physiographic and soil variable classes are located in table 1
Ecological Land Unit
GIS Operation
Expression
Wet Broad Floodplains
= Landform
Mesic Narrow Ravine Bottoms
Well Drained Broad Uplands

= Landform
Map Calculator
Arithmetic Operator
Map Calculator
Arithmetic Operator

= Landform + Drainage
Reclassification to isolate Drainage 3, 4, 5
= Landform + Drainage (1, 2)
Reclassification to isolate Drainage 1, 2
= Landform

Mesic Slopes

Boolean and Relational Query

Mesic-Dry Slopes

Boolean and Relational Query

= Hillshade = 1 and Curvature ≤ 2 and Slope ≥ 2
+
= Hillshade = 1 and Curvature = 3 and Slope = 2
= Hillshade = 1 and Curvature = 3 and Slope = 3

Dry Slopes

Boolean and Relational Query

Dry-Mesic Slopes

Boolean and Relational Query

Poorly Drained Broad Uplands
Dry Narrow Ridge Tops
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= Hillshade ≥ 2 and Curvature = 3 and Slope ≥ 2
+
= Hillshade ≥ 2 and Curvature = 2 and Slope = 3
= Hillshade ≥ 2 and Curvature = 1 and Slope ≥ 2
+
= Hillshade ≥ 2 and Curvature = 2 and Slope = 2

Table 14. Average relative density (%) of witness trees in 1802 of 9 ELU in the
LTCW, southwestern, Ohio. Species are arranged by current canopy tree
TWINSPAN groups. Only species with a value ≥ 1% in at least one ELU are
listed. Scientific names for species codes are listed in table 20. No trees were
recorded on D-NRT, MDS, and M-NRB.
Ecological Land Units
PD-BU
DS
D MS
MS
WD-BU W-BFP
N

145

14

QUBI
QUVE
CA
QUAL
QURU
NY
NYSY

1.4
2.7
18.6
4.1
0.7
0.7

7.1

ACSA
ACRU
FAGR
FRQU
LITU
AEGL
TIAM
FR
OSVI

13.8
1.4
27.6
1.4
0.7

CEOC
UL
ULRU
JU
JUCI
JUNI
GLTR
PLOC

2.8
13.8
0.7

7.1
28.6

23

26

8.7
4.3

19.2
7.7

35.7

21.7

14.3
7.1

26.9

15.4
3.8
15.4
3.8
7.7

8.7
4.3
13.4
4.3

3.8
7.7

0.7
4.8
4.3
0.7
0.7
4.3
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3.8
7.7
3.8
3.8

357

74

0.6
1.1
13.4
7.3
0.3
0.8
2.2

6.8
6.8
1.4

13.2
2.8
30.5
2.5
0.8
1.5
0.6
12.7
1.5
5.4
0.6
1.4
1.1
0.6

16.2
9.5
9.5
1.4
2.7
1.4
9.5
1.4
9.5
4.5
2.7
6.8
5.5
5.5

Table 15. Total area (ha) of the land cover types in each ELU. Total area (ha) of the land cover types and ELUs.
Ecological Land Units
WD-BU
PD-BU
W-BFP
M-NRB
MS
D-NRT
MDS DS DMS
Total
Developed
1226
234
315
7
49
11
1
13
55
1910
Agriculture
8172
3557
1016
13
65
21
0
10
82
12938
Grassland
591
82
150
8
63
11
1
13
85
1004
Shrubland
488
63
108
10
68
19
2
17
61
837
Forest
965
230
601
71
493
40
29
184
452
3064
Water
23
3
77
0
3
0
0
0
4
110
Barren
0
0
36
0
1
0
0
0
3
41
Total
11464
4169
2304
109
743
103
32
237
743
19904
Table 16. The relative percent of each land cover type in each ELU. The percent of area covered by each ELU, and by
each land cover type.
Ecological Land Units
WD-BU PD-BU D-NRT W-BFP M-NRB
MS
MDS
DS
DMS % Of LTCW
11
6
11
14
6
7
2
5
7
Developed
10
71
85
20
44
12
9
1
4
11
Agriculture
65
5
2
11
7
7
9
2
5
11
Grassland
5
4
2
18
5
10
9
5
7
8
Shrubland
4
8
6
39
26
65
66
89
78
61
Forest
15
0
0
0
3
0
0
0
0
1
Water
1
0
0
0
2
0
0
0
0
0
Barren
0
58
21
1
12
1
4
0
1
4
% Of LTCW
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Table 17. The areas (ha) of each land cover type by ELU in the current reserve network.
W-BFP PD-BU WD-BU
MS
M-NRB D-NRT
MDS
DS
Developed
3
0
4
0
0
0
0
1
Grassland
49
3
101
22
0
3
0
4
Shrubland
26
3
119
15
2
5
0
2
Forest
148
0
42
147
5
11
16
79
Water
28
0
1
2
0
0
0
0
Total
254
6
268
186
7
20
16
86

DMS
0
10
7
120
1
138

Total
8
192
180
567
32
980

Table 18. Gap analysis summary showing the percent of current protected forest based on 1991 land cover type
map for each ELU in the LTCW, southwestern Ohio. A twenty five percent representation target was used to
determine the percent of forest needed to adequately protect each forest ecosystem.
Forest
Forest
%
Forest
25% Target
Forest
% Needed
(ha)
Protected
Protected
Remaining
Needed (ha)
(ha)
(ha)
WD-BU
965
42
4
922
241
199
22
PD-BU
230
0
0
230
57
57
25
W-BFP
601
148
25
454
150
2
0
M-NRB
71
5
7
66
18
13
20
D-NRT
40
11
27
29
10
0
0
MS
493
147
30
346
123
0
0
MDS
29
16
55
13
7
0
0
DS
184
79
43
105
46
0
0
DMS
452
120
26
333
113
0
0
Total
3065
568
2498
765
271
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Table 19. Gap analysis summary and the amount of forest cover need to obtain a 25% representation of each forest
ecosystem based on the reference ELU map.
Forest
% of Forest Remaining
ELU (ha)
Forest
%
ELU Forest
25% Target
of ELU
Needed (ha)
Needed (ha)
Protected (ha) Protected Remaining (ha)
WD-BU
11464
42
11422
2866
2824
306
0
PD-BU
4169
0
4169
1042
1042
453
0
W-BFP
2304
148
2157
576
428
94
6
M-NRB
109
5
104
27
22
34
4
D-NRT
103
11
92
26
15
51
10
MS
743
147
596
186
39
11
20
MDS
32
16
16
8
0
0
49
DS
237
79
158
59
0
0
33
DMS
743
120
623
186
66
20
16
Total
19904
568
19337
4976
4436
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Table 20. The comparison of the Ecological Land Units of LTCW southwestern Ohio with forest community associations and types of
Faber – Langendoen, National Vegetation Classification System (NVCS) and Gordon (Presettlement Vegetation of Ohio).
Lower Twin Creek Watershed
Faber – Langendoen (NVCS)
Gordon
Ecological Land Unit
Forest Alliance
Forest Type
Bottomland Hardwood
Wet Broad Floodplains
1. Acer saccharinum – Ulmus americana – (Populus
Forest Type
deltoides) Temporally Flooded Forest
Platanus occidentalis - Populus deltoides
2. Populus deltoides – Salix nigra
Temporally Flooded Forest
Mixed Mesophytic Forest Type
Mesic Narrow Ravine Bottoms
Liriodendron tulipifera – Tilia americana var.
Liriodendron tulipifera – Platanus occidentalis heterophylla – Aesculus flava – Acer saccharum /
Magnolia tripetala Forest?
Well Drained Broad Uplands
Fagus grandifolia - Acer saccharum Glaciated
Beech-Sugar Maple Forest Type
Midwest Forest
Fagus grandifolia - Acer saccharum
Elm-Ash Swamp Forest Type
Poorly Drained Broad Uplands
1. Acer (rubrum, saccharinum) – Fraxinus spp. –
Ulmus americana Forest
Mixed Oak Swamp
2. Quercus palustris – Quercus bicolor
Mixed Hardwood Forest
Oak-Hickory Forest Type
Dry Narrow Ridge Tops
Quercus alba – Quercus rubra – Carya ovata
Glaciated Forest
Quercus alba – Quercus rubra
Oak-Hickory Forest Type
Dry Slopes
Quercus alba – Quercus rubra – Carya ovata
Glaciated Forest
Quercus spp. – Carya Ovata
Oak-Sugar Maple Forest Type
Mesic-Dry Slopes
Quercus alba – Quercus rubra – Carya ovata
Glaciated Forest
Quercus spp. – Acer saccharum
Mixed Mesophytic Forest Type
Mesic Slopes
Liriodendron tulipifera – Tilia americana var.
Mixed Mesophytic
heterophylla – Aesculus flava – Acer saccharum /
Magnolia tripetala Forest
Fagus grandifolia - Acer saccharum Glaciated
Dry-Mesic Slopes
Oak-Sugar Maple Forest Type?
Midwest Forest?
Acer saccharum - Fagus grandifolia
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Table 21. Scientific and common names for species codes.
Common Name

Scientific Name

Code

Sugar Maple

Acer saccharum

ACSA

Silver Maple

Acer saccharinum

ACSA2

Box Elder

Acer negundo

ACNE

Red Maple

Acer rubra

ACRU

Shagbark Hickory

Carya ovata

CAOV

Bitternut Hickory

Carya cordiformis

CACO

Hackberry

Celtis occidentalis

CEOC

American Beech

Fagus grandifolia

FAGR

White Ash

Fraxinus americana

FRAM

Blue Ash

Fraxinus quadrangulata

FRQU

Black Walnut

Juglans nigra

JUNI

Tulip Poplar

Liriodendron tulipifera

LITU

Sycamore

Platanus occidentalis

PLOC

Cottonwood

Populus deltoides

PODE

Black Cherry

Prunus serotina

PRSE

White Oak

Quercus alba

QUAL

Swamp White Oak

Quercus bicolor

QUBI

Bur Oak

Quercus macrocarpa

QUMA

Chinquapin Oak

Quercus muehlenbergii

QUMU

Pin Oak

Quercus palustris

QUPA

Black Oak

Quercus velutina

QUVE

Red Oak

Quercus rubra

QURU

Black Locust

Robinia psuedoacacia

ROPS

Basswood

Tilia americana

TIAM

American Elm

Ulmus americana

ULAM

Red Elm

Ulmus rubra

ULRU
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